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Meetings 


American Society of Mechani- 
cal Engineers, National Petro- 
leum Division—May 14, !5 and 
16, Tulsa, Oklahoma. 

. 


Mid-Continent Oil and Gas 
Association, Annual Meeting— 
May 16, Tulsa, Oklahoma. 

. 


American Gas Association, 
Joint Conference of Produc- 
tion and Chemical Committees 
—May 21 and 22, Hotel New 
Yorker, New York City. 

) 


American Petroleum Institute, 
Mid-Year Meeting — May 22, 
23 and 24, Wm. Penn Hotel, 
Pittsburgh, Pennsylvania. 

. 


Pennsylvania Grade Crude Oil 
Association—June 14 and 15, 
State College, Pennsylvania. 

a 


Society of Automotive Engi- 
neers—June 17, 18, 19, 20, 21 
and 22, Saranac Inn, Saranac, 
New York. 

* 
American Society for Testing 
Materials, Annual Meeting— 
June 25, 26, 27, 28 and 29, 
Atlantic City, New Jersey. 

* 


Drake Well Memorial Celebra- 
tion—August 24, 25, 26 and 
27, Titusville, Pennsylvania. 

* 


American Chemical Society— 
September 10, 11, 12, 13 and 
14, Cleveland, Ohio. 

* 


American Gas Association, 
Convention and _ Exhibition— 
October 29, Atlantic City, 
New Jersey. 
. 
American Petroleum Institute, 
Fifteenth Annual Meeting — 
November 12, 13, 14 and 15, 
Dallas, Texas. 
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There Is A Correct Type 
of 
Leschen Wire Line 
for a 
Every Oil Field Purpose 











In order for a Wire Line to give maximum service, it 


Line? must be of the right quality and the right construction to 
lin 


fit the particular conditions under which it is to work. Just 


any wire rope won't do. 


Our long experience in the Oil Fields has made it pos- 
sible for us to know the needs of this Industry, and our 
research work and our manufacturing facilities have en- 
abled us to develop a correct type of Leschen Wire Line 
for every condition. 


Moreover, all Leschen Steel Wire Lines are made of acid 
open-hearth steel wire, and every wire is first rigidly tested 
by us to make sure that it comes up to our established stand- 
ards and requirements. 


You experienced Oil Men know that your operating 
costs depend a whole lot on the kind of service you get from 
your wire lines, so why not play safe by using Leschen Lines 
... they have proved in actual Oil Country work that they 
are dependable and economical. 


Manufactured By 


A. Leschen & Sons Rope Co. 
Established 1857 


5909 Kennerly Avenue — St. Louis, Mo. 
New York — Chicago — Denver — San Francisco 


Domestic Distributors 


Casey & Newton Osborn Machinery Company, Inc. 
901 Century Building, Pittsburgh, Pa. Clarksburg, W. Va. 
Hillman-Kelley, Incorporated Parkersburg Supply Company 
2441 Hunter Street, Los Angeles, Calif. Parkersburg, W. Va. 
Hinderliter Tool Company Union Pipe and Supply Company, Inc. 
Tulsa, Okla. Owensboro, Kentucky 


Norvell-Wilder Soar Company United Pipe and Supply Corporation 
Beaumont, Texas Charleston, W. Va. 
Export Distributor 
CONTINENTAL EMSCO CO., Inc., 19 Rector Street, New York, N. Y. 


Branches: Buenos Aires — London — Ploesti 








— ” — 





T he PETROLEUM ENGINEER 











| ~ 


S 


1 I 








The Course of Oil 


By K. C. SCLATER 





i 


Regarded as of far-reaching impor- 

tuatin tance to the oil industry, the Ickes 
papers oil control bill for the regulation of 
Control of Oil commerce in petroleum has been 
under scrutiny since its contents were made public 
several days ago. Some ardent proponents of states’ 
rights are aroused over the measure. They seem to see in 
it a complete surrender to the Federal Government of 
the power of the state to control the exploitation of its 
own oil resources. So strenuous has been the opposition 
from this quarter that at this writing it seems as if 
certain sections of the bill will be modified so as to be 
acceptable to those states having proration enforcement 
agencies before it comes up for final consideration, 
Little has been heard from the industry itself regarding 
the bill. Its general principles seem to have the accept- 
ance of the majority of the industry. 

An impartial study of the bill makes it clear that 
Administrator Ickes, its author, is convinced that per- 
manent federal control is necessary for the welfare of 
the nation, the oil industry, and the consuming public 
of petroleum and its products. 


A Step Toward 


_ The bill would provide for the permanent Federal 
control over the production and supplies of crude 
petroleum. Among its purposes is the protection of the 
nation’s resources of petroleum by providing for the 
scientific development of new sources of supply and 
the rehabilitation of the facilities of the industry for 
the production, manufacture and distribution of 
petroleum and its products. 

Experience in administering the oil code apparently 
leads to the belief that Federal Government control of 
oil should be strengthened. The oil code has some de- 
fects. Its constitutionality is in question. Something has 
to be done. Should the United States Supreme Court 
uphold the decision of Federal Judge Bryant of Texas 
it would be a blow to the entire industry and might 
result in a return to the old chaotic state of affairs 
that existed before the oil code went into effect. 

Some see in the bill a danger of the oil industry 
being placed on a footing similar to that of a public 
utility. There are little grounds for apprehension on 
this score, for oil being one of the basic industries 
renders such action a remote possibility. 

Looked at from the standpoint of the producer and 
its effect on production practice, the bill may actually 
confer some benefits. If every flush field in the country 
were to be produced so as to obtain the greatest ulti- 
mate commercial yield at the lowest cost per barrel 
it is doubtful if there would be any serious overpro- 
duction of oil in the country today. Indeed, there 
might not be enough oil to satisfy the demand were 
all flush fields produced in a proper manner and in 
accordance with the very latest technical knowledge. 
Quotas today are based solely on the demand and not 
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on the quantity of oil the fields are capable of produc- 
ing under most efficient production procedure. 

Premature depletion of flush pools results when the 
Operators, as a group, neglect to adopt efficient pro- 
duction methods from the time the field is discovered. 
In such cases not only is the field prematurely depleted 
but water encroachment and the dissipation of natural 
energy that take place result eventually in a high 
lifting cost that might very well have been avoided. 
A good example in this regard is the Oklahoma City 
field. The East Texas field was headed for a similar 
fate had not the oil code been put in force. 

Oil has become too large an industry and too many 
diversified interests are involved to control it effectively 
unless by an adequate unified system of regulation. 
Whether or not such a unified system can best be 
administered by the Federal Government we have no 
means of knowing other than by observation of what 
has been accomplished under the oil code. 

Experience has shown that in a large field in which 
many operators have an interest, frequently it is futile 
to attempt to get all operators to agree on a develop- 
ment program that will be to the best interests of the 
field. A recalcitrant minority can nullify all the efforts 
of the other operators. No matter how good a program 
is put into effect for the development of a field, it will 
be seriously impaired unless some measures can be 
invoked that will compel such recalcitrant operators to 
abide by the will of the majority. The dire consequences 
that can attend the violation of regulations by a small 
minority in a pool is well illustrated in the case of the 
East Texas field. 

The oil code expires June, 1935. After that, what? 
Is it to be assumed that by then the need for control 
of production will have passed? The experience of the 
last few years certainly does not lead to any such 
assumption. Even when the potential supply falls 
below the demand there will still be the need for some 
degree of control, not only as between fields and states, 
but also among the individual operators in the pool. 

The general principles upon which the Ickes control 
bill is based are sound and should not be overshadowed 
by provisions of the bill that give rise to issues con- 
cerning states’ rights. According to the bill, Federal 
intervention in the control of production within a state 
would result only when the state enforcement agencies 
failed or were unable to hold the oil production of that 
state within its quota. It is not the general principles 
of the bill that are causing so much public discussion 
and comment. These are conceded to be sound so far 
as they have gone, but it is the idea of permanent 
control by the Federal Government. On this point, 
many able leaders in the industry are silent. It may 
resolve itself into a case of accepting the inevitable. 
It is to be hoped that the inevitable, when it comes to 
pass, will not be found altogether undesirable. 
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Cracking An opinion given April 27 by Judge John 
Patents Held P- Nields, in Federal District Court of 
Infringed Delaware at Wilmington, found that 

patents held by the Universal Oil Products 
Company covering the Dubbs cracking process were valid 
and had been infringed by the Root Refining Company 
through the operation of Winkler-Koch cracking units in 
their plant. Two patents were involved in the suit, one issued 
to Carbon P. Dubbs, October 4, 1921, and assigned to the 
Universal Oil Products Company, the other issued to Gustav 
Egloff, May 25, 1925, and assigned by him to the Universal 
Oil Products Company. The Dubbs patent is the so-called 
clean circulation patent. The Egloff patent covers an im- 
provement of clean circulation operation, the so-called “two- 
coil operation” for selective cracking of different stocks 
simultaneously in the same unit. A decree has been entered in 
accordance with the opinion, an injunction issued against the 
defendant restraining further infringement, and the case re- 
ferred to a master for an accounting and for assessment of 
damages. 


Bill Would Senator Thomas, of Oklahoma, on April 


30, introduced in the United States Senate 
a bill, sponsored by the administration, giv- 
ing the oil administrator, Secretary Ickes, 
complete control over crude oil production. 
The new measure would make the oil administration a sepa- 
rate agency from the NRA and is designed by its sponsors 
to strengthen the oil code. Under its provisions the oil ad- 
ministrator would be empowered to allocate production, based 
on demand, not only to the states, but to individual pools 
and wells. He would be vested with authority to control 
imports, to take testimony under oath and could compel oil 


Give Gov't 
Control Oil 


Production 


companies to make accessible their records at any time. Pro- 
duction quotas would be established after hearings, but in an 
emergency the administrator could fix quotas for 31 days 
without notice. Further provisions would make it unlawful 
to place or receive in commerce, interstate or intrastate, any 
oil produced in excess of quotas. Penalties for violation in- 
clude a maximum fine of $1,000 and a jail sentence of one 
year. Oil imported in excess of quotas, or produced, placed 
in or received in commerce, would be subject to a forfeiture 
of $1 per barrel. The decision of a three-judge court would 
be required before an injunction could be obtained against the 
administrator’s regulations. 

The bill, since its introduction, has met with strong oppo- 
sition from Texas interests, E. O. Thompson, member of the 
Railroad Commission, acting as spokesman. Mr. Thompson 
says “it would take the last vestige of state authority from 
Texas concerning its most valuable natural resource.” 

Sponsors of the legislation have grave doubts that the bill 
can be passed over Texas’ opposition. 


The validity of oil proration regulations in 
Oil Order the East Texas field, as pertains to re- 
Upheld fineries, was upheld May 3 in a decision 

handed down by Randolph Bryant, federal 
judge for the Eastern district of Texas. Judge Bryant denied 
the application of the Arrow Refining and Producing Com- 
pany for an injunction restraining the Texas Railroad Com- 
mission from enforcing two of its orders and a bill passed 
by the last session of the State Legislature which required 


East Texas 
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reports by refineries. The commission’s orders and the recently 
passed bill were designed to make possible more strict enforce 
ment of proration. ; 


Pennsylvania For the first time since early last October 
Crude Up Pennsylvania crude has made a price ad. 
10 Cents Bbl, Y2"°: On May | leading purchasing 

agencies announced a 10¢c per bbl. advanc. 
as follows: Pennsylvania grade in Southwest Pennsylvania 
lines, $2.22; Eureka, $2.17; Buckeye, $2.07; New York 
Transit, $2.55, and Bradford district, $2.55. 


8 
Commission Complete production reports on all wells 
Moves to in the Oklahoma City field will be required 


if a move made by the State Corporation 
Commission is allowed. As a means of 
checking “hot oil” production, Chairman 
Paul A. Walker of the commission has 
signed a motion to petition the Oklahoma Supreme Court 
immediately for a permissive order in the H. F. Wilcox Qj 
and Gas Company case which, if granted, would allow the 
commission to call for the reports. 


Check O. C. 
"Hot Oil" 


Flow 


The Wilcox company instituted suit to prevent the com- 
mission from enforcing all proration orders of that body 
issued prior to the passage of the present proration bill, April 
10, 1933, and when the suit was filed the court issued an 
injunction against the commission’s attempting to enforce any 
provisions of the old law. 


Texas Oil 
Allowable 


Increased allowables granted by the Texas 
Railroad Commission, effective April 25, 
More Than boosted production for the state to 
nae 1,010,625 bbl., approximately 30,000 bbl. 
Million Bbl. — a 
more than the federal recommendation for 
April and May. This is the first time since September, 1933, 
that legal production has passed the million-bbl. mark. The 
new proration schedule, effective until June 1, calls for re- 
vised allowables in many fields, as follows: Gulf Coast, 
168,068 bbl. daily; West Texas, 137,729 bbl.; West Central, 
31,000 bbl.; East Central, 50,246 bbl.; Southwest, 52,107 
bbl.; Panhandle, 52,000 bbl., and North Texas, 56,000 bar- 
rels. While the basis of proration in the East Texas field was 
unchanged, increases in the allowable are granted auto- 
matically with completion of new wells. 


& 
Oil Code 


A hearing before the United States Su- 


4 2 > = . " ° » = f 
Hearin preme Court on the constitutionality 0 
Post a the oil code under the NRA will not be 

es held until October. The court agreed to 


the postponement when informed by Solicitor-General James 
C. Biggs that the government would be unable to prepare its 
appeal by the time originally set for the hearing. It was 
pointed out that more time would be required for collecting 
additional information in the case, which consists of criminal 
indictments against several persons in the East Texas oil field 
accused of violating production restrictions. The indictments 
were obtained because of the Admin‘stration’s desire to go 
directly to the Supreme Court for a decision following the 
ruling by Federal Judge Randolph Bryant against the code in 
the Amazon and Panama cases. 
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Look for the word 





ALLOY 
STEEL 
THROUGHOUT! 


This NEW TRIMO ALLOY 


PIPE WRENCH 


shatters all old-fashioned ideas 
of strength 


In the constant attempts by wrench manufacturers to give greater 
freedom from dangerous breakage, costly wear and distortion it 
was inevitable that some manufacturer would eventually perfect a 
wrench of all alloy steel. Trimo has done it! 





CR-MOL _ 
etched on the jaw 


Gone is the old hazard of injury from pipe tool breakage. Gone 
the waste of dollars from wrenches that had to be junked early. 


Trimo-Alloy has set an entirely new standard of strength, safety 
and service. The use of chrome, molybdenum and nickel alloy 
construction has increased Trimo strength 112%. 


The admittedly unexcelled Trimo design with its swinging 
frame, safer grip, non-locking feature and easily replaceable 
parts is unchanged. The most efficiently designed pipe wrench 
in the oil fields now comes to you made of stronger, longer 
living metal than has ever before been used in a pipe wrench. 


MFG. CO. ROXBURY MASS. U.S.A. 


Your supply dealer has the New Trimo- Alloy. 
Circular mailed free on request. Read about the 
startling tests of Trimo’s new found strength. 


“TRIMO-ALLOY’ 
fellow PIPE WRENCH 


TRIMONT 





PIPE WRENCH 


MADE ENTIRELY OF 
HEAT TREATED 


Sy | HEAT TREATED ALLOY STEEL THROUGHOUT 


This tag identifies 
the new Trimo Alloy 


Made by 
TRIMONT MFG. CO., INC., Roxbury (Boston), Mass. 


Visit the New TRIMO-ALLOY Exhibit — Booth No. 100, in the Oklahoma Building 
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N extension to the productive limits of the Annona 
Chalk and the Wolf City horizons has been proved 
in the Converse field of Louisiana, with the completion of 
E. L. Lawson and George L. Pace No. 1 Logan Oil Company 
well, about two miles north of the field. The well flowed 25 
bbl. daily through 2-in. tubing at 1930 feet. A few days 
later another Annona Chalk well, a mile northwest of the 
existing producers in that horizon, seemed assured when E. P. 
Halliburton et al’s Raymond No. 1, total depth 1965 ft., 
swabbed 25 bbl. an hour after being treated with acid. 


Another important field appears to have been opened in the 
Louisiana Coastal area when the Superior Oil Company et al’s 
Hernandez No. 1 wildcat, eight miles northwest of Lafayette, 
found production. On its initial test it made 20 bbl. of oil, 
wash water and mud in 20 minues. The oil tested 37 gravity. 
Casing was set at 8830 feet. 

* 


The Union Oil Company’s Mountain View No. 1 in Kern 
County, California, has been completed at 5355 ft., extending 
the Mountain View field one and a half miles northwest. The 
well made approximately 200 bbl. daily of 22 gravity oil. 

* 


The first major extension to the Broomfield, Michigan, 
township gas pool in six months was the bringing in of You- 
man & Burke’s Chaffee No. 1 semi-wild*at. The well was 
‘completed at a total depth of 1934 ft. for 4,257,000 cu. ft. 
of gas. This extends the Broomfield township pool one mile 
northwest. * 


The Bebee pool of Northwestern Pontotoc County, Okla- 
homa, the pioneer oil area of the district, was extended south- 
east by the Los Angeles Petroleum Company’s No. 1 Flat well. 
The Hunton lime was reached at 2198 to 2200 ft. and the 
well began flowing by heads when the tools were pulled. 
Tests showed 450 bbl. of oil the first 24 hours and 730 bbl. 
for a 43-hour period. e 


The Sharpe pool of Rice County, Kansas, has been extended 
two locations, which reduces the distance between that pool 


LATEST ACTIVITIES IN THE OIL FIELDS 





and the Chase Townsite field to less than one mile. The 
tension well was the Lario Oil and Gas Company’s ~ hie 
Foote, which found the siliceous lime at 3273 to 3293 ‘< 
The hole filled 1500 ft. with oil in three hours. 
a 

A new field may have been opened 20 miles east of Fort 
Stockton, Texas, in Pecos County, by the Humble Oj and 
Refining Company’s and Phillips Petroleum Company’s No 
1 J. L. Nutt wildcat. At a depth of 2405 ft. this test well 
began producing gas in volume and some sulphur water 
Plugged back to 2397 ft. a small quantity of oil was produced 
along with sulphur water. The test is 12 miles from the 


Taylor-Link field. 
« 


The much-watched San Patricio County, Texas, test of 
Atkins & O'Neil and the Continental Oil Company finally 
came in a producer April 26, making 15 bbl. in two hours 
through a %4-in. choke. The total depth is 5383 feet and 
casing was set at 5374 feet. The oil tested 35 gravity and was 
accompanied by considerable gas. The strike is looked upon as 
the likely forerunner of a new field and a number of locations 
have been made in the area. 


The Jackson, Mississippi, gas field was extended one mile 
northeast recently by Alexander & Weaver with their No, 1 
Mayes. The well made 50,000,000 cu. ft. of gas at 2425 to 
2433 ft. in the Midway Chalk. 

+ 

Two important strikes have been made in New Mexico 
within the past few weeks. In Lea County, four miles north- 
west of the nearest production in the Jal field, No. 1 Meyers 
of the General Crude Oil Company and the Magnolia Petro- 
leum Company has been brought in a producer. Originally 
completed in 1929 as a gas well, it was deepened recently to 
3501 to 3508 ft. and made a 2,000-bbl. flow from lime 
formation. This apparently opens a new Southeastern Lea oil 
pool. The other wildcat to come in a producer was The Texas 
Company’s J. S. Lea No. 1, which opened a high gravity pool 
two and a half miles north of the Lea-Lynch field. The well 
was drilled to 3560 ft. and is rated as a 500 bbl. well. The oil 
is of 37.7 gravity. 





_ AVERAGE CRUDE OIL PRICES 


California Lcuisiana 
Playa Del Rey $ .90 North Louisiana $ .95 
Coalinga 81 Gulf Coast 1.04 
Sj j 1.12 Spas 
Signal Hill 1.36 Illinois Liz 
ene aan Kentucky 1.17 
i Ab] , 
Wyoming Indiana 1.12 
Colorado 1.00 Oh; 
itn P ™ 10 
New Mexico .75 yo 1.30 
Texas 
North Central 95 Michigan 1.02 
Panhandle ‘83 Pennsylvania 
West Texas .70-.75 asia 2.55 
Gulf Coast 104 ¢ ie 
a Southwest 2.22 
Darst Creek 87 ‘ mies 
Bast T 1.00 Eureka 2.17 
— ? 3uckeye 2.07 
Kansas 1.00 
Oklahoma 1.99 West Virginia 2.07 
Arkansas .70 Canada 2.10 


























DAILY AVERAGE CRUDE OIL PRODUCTION 
(Figures in Barrels) 
Furnished by A.P.I. 
Federal 
Agexcy Week Week Week 
Allowable Ended Ended Ended 
Effective April 28 March 31 April 29 
April 1 1934 1934 1933 
Oklahoma 476,400 532,350 461,450 417,800 
Kansas 122,100 129,900 125,500 115,750 
Panhandle Texas 58,750 56,500 48,350 
North Texas 55,950 55,900 51,950 
West Central Texas 26,350 27,590 23,300 
West Texas 138,350 137,600 157,850 
East Central Texas 48,900 43,860 58,400 
East Texas 462,150 435,450 550,000 
Conroe 50,050 48,500 41,000 
Southwest Texas 48,900 48,600 49,000 
Coastal Texas 
(Not incl, Conroe Basen 113,450 __ 111,900 113,900 
TOTAL TEXAS 980,700 1,002,850 965,750 _ 1,093,750 
North Louisiana 25,900 27,600 28,100 
Coastal Louisiana 49,000 45,800 ___ 41,950 
TOTAL LOUISIANA 72,400 74,900 73,400 __70,050 
Arkansas 32,300 30,500 ~~ 31,050 30,400 
Rastern 
(Not incl. Michigan 99,600 97,650 99,650 86,300 
Michigan 31,300 27,100 27,200 17,250 
Wyoming 32,400 30,200 30,550 30,850 
Montana 7,700 6,950 7,100 5,100 
Colorado 3,000 2,600 2,850 2,300 
TOTAL ROCKY 
MT. STATES 43,100 39,750 ___ 40,500 38,250 
New Mexico 45,800 45,450 42,150 36,050 
California 462,500 469,800 458,200 477,500 
TOTAL U. S. 2,366,200 2,450,250 2,324,850 2,383,100 
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U. S. Daily Average Production Daily Average Crude Run to Stills 
for the Past Twelve Months for the Past Twelve Months 
2,650,000 2,300,000 
| 2,500,000 | 2,200,000 
” 2,350,000 ve 2,100,000 
= 
: bj 3 
2 2,200,000 ~ 2,000,000 
a & C 
3 2,050,000 — 1,900,000 
~ aa . 
4 1,900,000 = 1,800,000 
1,750,000 | 1,700,000 
1,600,000 1,600,000 
SSeses:eesePets & SeSeas F258 235%3 & 
ZBmmt nO zZzea Ae 2 < 24..¢€¢080Z2Z04e04€< 
U. S. Crude Oil Stocks for the Gasoline Stocks in U. S. Refineries 
' 
Past Twelve Months for the Past Twelve Months 
| 375,000,000 | ee ee ee Se 
vy 360,000,000 e 40,000,000 
2) — 
= 345,000,000 % 30,000,000 
< 
S 330,000,000 20,000,000 
315,000,000 10,000,000 
— a 
> Vv a 2 Ss st « .» as oe > Y an 5 i 2s oF a 
eoPPSys sy essa REeSPevsyesaa 
— _ 
Above statistics furnished by the American Petroleum Institute 
Summarized Operations in Active Fields for April, 1934 
Fie.ps Completions Producers Locations Rigs Drilling Depth of No. Casing Gratity | Type of 
Wells Production Strings of Oil Tool Used 
Texas -. «t... | | b _ 
East Texas... . aed 266 259 266 69 251 3600 2 40 | Rotary 
Duval County. . . eee 45 38 34 6 25 2300 2 *| 22 | Rorary 
Refugio County 13 12 3 8 5200 2 38 | Rotary 
Conroe... . noe 20 17 3 I 12 3000-7400 tor4 rte | Roary 
OKLAHOMA ‘3 | | 
Oklahoma City. . fe 3 3 5 10 31 6500 3 | 39 | Roary 
Kansas | 
McPherson County... 18 12 19 9 40 2900-4 300 2 38 | Rot Cab 
Ellsworth Arch..... ; 23 16 23 15 51 3300 4 | 37 Cahle 
Harvey County ; 2 ) 4 2 15 3450 lor4 37 |} Rew Cab 
CAuiroRNia | | 
Kettleman Hills. . ; 4 4 7 17 21 RIO | 3or4 | 40 | Rorary 
Long Beach... eet 7 5 5 15 7000 3 26 Rotary 
Field Activities by States for April, 1934 
State Completions | Producers | Locations | Rigs | Drilling Wells Production, 1933 
April March " April Marcn | April March | April March | April March (In Barrels) 
Arkaness............ 5 5 2 4 I 9 8 33 x1 11,682,100 
California......... k 32 28 28 26 37 48 30 45 183 160 | 173,126,800 
CO” See 1 1’ 2 3 44 46 | 954,900 
SS ais didi dic lea 1 1 1 3 1 11 10 4.250,000 
Indiana. ...... ae 1 8 ; a I l 31 24 73.,000 
Kansas........ —_ 62 92 41 56 49 104 32 44 124 132 41.927,700 
Kentucky............ 4 16 4 11 1 2 52 39 4.610.000 
Louisiana........... 62 79 45 l 60 64 68 70 159 173 24,487,800 
Michigan........... 20 44 17 33 2 38 103 88 153 120 7,790,800 
Mississippi.......... 4 2 2 2 6 5 16 14 Gas Prod 
eee 10 10 7 8 & 7 6 49 42 2,128,700 
New Mexico......... 10 49 9 49 7 s 5 60 21 13,086,600 
New York........... . aes 2 2 2 12 3,150,000 
ak cieea a cdve sa 44 67 31 50 40 10 160 75 4, 300,000 
Oklahoma........... 156 171 126 116 206 210 121 136 451 391 181,133,200 
Pennsylvania... .... 43 12 38 9 ; 31 28 95 108 12,690,000 
Re 750 842 561 653 721 975 300 256 873 1029 396,993,600 
West Virginia........ 33 55 25 46 , 69 14 167 64 3.825.000 
Wyoming............ 2 . 2 10 11 | 67 61 11,211,000 
er f | an9-1457. «|S «843.—S—S735—*(| 2730 2552. | _ 898.078.200 

















PROGRESS OF MAJOR PIPE LINE WORK 





HE Stanolind Pipe Line Company, with headquarters at 

Tulsa, Oklahoma, has announced a 155-mile pipe line 
project for Kansas that will involve an estimated expendi- 
ture of approximately $1,000,000. The line will run from 
Humboldt, Kansas, into Stafford County (where the Stano- 
lind Oil and Gas Company recently found new production) , 
crossing Woodson, Greenwood, Butler, Sedgwick and Reno 
counties. The new line also will run to the Stanolind’s dis- 
covery well in the Hilger field of Southeastern Reno County 
and the Cravens wildcat producer in Stafford County. The 
right of way is now being purchased and oil will be trans- 
ported through the new line to the Standard refinery at 
Neodesha, Kansas. Recently the Stanolind Pipe Line Company 
completed a 52-mile line connecting with the Russell County, 
Kansas, fields, and now has lines running to some 20 fields in 


Western Kansas. 


The dormant five-year-old plan of building a $25,000,000 
pipe line from the gas fields of Northeastern Montana to Min- 
neapolis and St. Paul, Minnesota, has been revived, according 
to recent reports. The plan now calls for financing through 
the Public Works Administration. Negotiations will be car- 
ried on with Frank W. Murphy, regional PWA adviser, and, 
if met with favor, application will be made for a $25,000,000 
loan. The construction of such a line has been under consid- 
eration for a number of years, but financing of the project 
has always stood in the way of its realization. Should the 
government agree to lend its support financially it will be 
necessary to establish definitely that an adequate gas supply 
will be available for several years to come, and all owners, 
operators and others affected by the project must unite in 
petitioning for the development and participate in the prof- 
its. This is in accordance with government requirements. If 
built, the route of the line likely would be through Central 
North Dakota, connecting Grand Forks and Fargo, and 
thence to the Twin Cities. The distance covered would be 


approximately 900 miles. 
« 


Relaying of its lines to Balboa Island has been virtually 
completed by the Southern Counties Gas Company, of New- 
port Beach, California, necessitated by dredging of Balboa 
Bay. A deep-sea diver was employed to cut the pipe at the 
bottom of the bay before removal. 


The Mexican Eagle Oil Company (Royal Dutch Shell in- 
terests) has completed the laying of a 6-in. gas line between 
El Plan and El Chopo, Mexico, to supply fuel for its refinery 
at Minatitlan, Vera Cruz State, which will be in operation 


at an early date. The length of the line is 35 kilometers. 
. 


Construction work has been started by the Kentucky 
Natural Gas Corporation on a 2-in. pipe line to run from 
the gas field near Sebree Springs to the Morton Hills field. 
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The new line will convey gas to the 4-in. line south of 
Sebree Springs and thence into the 10-in. main line of the 
company east of Sebree, Kentucky. 


e 
A certificate of convenience has been granted by the Kan. 
sas Corporation Commission to B. E. Ladlow and associates 
for the operation of a pipe line for service of natural gas to 
Halstead, Kansas, which city has voted a $30,000 bond issue 
to build a distributing system. 


@ 

The Home Natural Gas Company, Winfield, Kansas, re- 
cently completed an extension of its line from Hackney to 
Geuda Springs, Kansas. The extension is a 6-in. hes ent 
parallels the existing 8-inch line. 

s 

The United Gas Public Service Company, Houston, Texas, 
is constructing a natural gas line from the company’s main 
line south of New Iberia, Louisiana, to Jefferson Island, to 
supply the sulphur mine of the Jefferson Lake Oil Company. 


‘The Columbian Gasoline Corporation, of Monroe, Louisi- 
ana, has completed construction of a 19.4-mile 16-in. pipe 
line to transport natural gas from Wheeler County, Texas, 
fields to the company’s gasoline plant in Gray County. It 
was necessary to make two river crossings, the total length 
of which was 5100 feet. The pipe was supported on a trestle 
composed of piling spaced 40 ft. apart. 


Work has started on a natural gas pipe line to connect 
Zachary, Louisiana, with the trunk line of the Interstate Nat- 
ural Gas Company. The project was made possible by a 
$16,000 loan granted by the Public Works Administration. 


S. E. Huey is the engineer in charge of construction. 


« 

The Bowdoin Utilities Company, Minneapolis, Minnesota, 
is laying a 19-mile 8-in. gas line from Fort Peck, Montana, 
to a point two miles west of Glasgow, Montana, where it 
connects with the main line of the company. The line con- 
sists of pipe in welded sections of 120 ft., joined with 
Dresser couplings. A hot enamel coating, covered with a felt 
wrapper, is being used. A booster station may be erected on 
or near Saco Dome. Gas supply will be from the company’s 
wells in the Bowdoin field, 60 miles west of Glasgow. Edward 
F. Moore, superintendent of construction for the Bowdoin 
Utilities Company, is in charge of the project. 

® 

A natural gas pipe line approximately eight miles in 
length and constructed entirely of copper pipe is being laid 
from the Rattlesnake oil field of New Mexico to Shiprock. 
Copper pipe is made necessary because of extremely corrosive 


soil conditions. The line is of 2-in. hard drawn copper tubing. 
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THE MONTH’S ACTIVITIES IN REFINING 








Per Cent Refining Capacity Operated 


Eastern Division, 79.0 Per Cent 


Central Division, 68.9 Per Cent 


Western Division, 55.3 Per Cent 





REFINERY of 500 to 1000 bbl. daily capacity is under 
A construction at Detroit, Michigan, by the Keystone 
Refining Company. E. G. Guy, former superintendent of 
the Old Dutch Refining Company and the Roosevelt Re- 
fining Company plants of Muskegon and Mt. Pleasant, 
Michigan, is in charge. 


Otha H. Grimes of Tulsa, Oklahoma, has completed and 
put in operation a casinghead gasoline plant at Greendale, 
Michigan. Completion was expected April 1, but severe win- 
ter weather delayed construction work somewhat. The plant 
is the second in the Mt. Pleasant area of Central Michigan. 
R. H. Chisholm is in charge. 


Work is going forward on the new 10,000,00-cu. ft. 
gasoline plant of the Skelly Oil Company being built in 
the South Burbank extension area of Osage County, Okla- 
homa. The plant will be of the compression type, but will 
be so constructed that conversion can be made to the ab- 


sorption type should such action be found advisable later. 
« 


The Parco, Wyoming, refinery of the Producers’ and Re- 
finers’ Corporation has been sold to the Consolidated Oil 
Corporation of New York. The refinery and pipelines 
brought $1,151,223. The property was sold by the re- 
ceivers. The refinery of the company at Blackwell, Okla- 


homa, also has been sold, 


Missouri. The Smith Engineering Company, Kansas City, 
has charge of the new work. 
a 
The Roosevelt Refining Company, Mt. Pleasant, Michigan, 
has increased the capacity of its plant to approximately 
5000 bbl. daily with the erection of a new tower refining 
unit. 


The refinery of the Federated Distributors Syndicate, Ltd., 
at Midnapore, Alberta, Canada, has been completed and 
operations started. Capacity of the plant is 350 to 400 bbl. 
of crude daily. F. R. Rogers is manager. 


The Taxman Refining Company, Wichita Falls, Texas, 
has added to its facilities by the erection of a combination 
recovery, stabilizing and debutanizing unit. 


The Phillips Petroleum Company has started construction 
of a natural gasoline plant in the Osage field of Oklahgima. 
It will be completed about the middle of June. Twelve 
compressor units are to be installed immediately and the 
capacity of the plant will be approximately 15000 gal. per 
day. Most of the residue gas will be used for repressuring. 

e 

A two-unit natural gasoline plant of the compression type 
is to be built by the Carter Oil Company in the South 
Osage field of Oklahoma. The plant will be operated pri- 
marily to return gas to the oil-producing sands and the out- 
put of gasoline will be small. It is expected that construc- 


tion work will be com- 


























T. E. Van Meter and Wal- — al ad ‘a 2d tt tet pleted sometime early in 
: . rude Runs to Stills, Gasoline an as and Fuel Oil Stocks, ee : 
ter L. Sidwell, of Winfield, . June. This is the third nat- 
: : Week Ending April 21, 1934 i 
Kansas, being the purchas- “pm ural gasoline plant, con- 
A.P.I. Figures . ; 
ers. The new owners plan (Diains tin Heeetnat Giana ais struction of which has 
to operate the plant, but been started since the dis- 
may move it from Black- Total covery of the Little Chief 
r — Per Cent Motor Gas and d So ho 
well. er Cent Daily Avg. Operated Fuel Fuel Oil an ut sage " 
DISTRICT Potential Crude of Total Stocks Stocks poo 
oa Capacity Runsto Capacity ThousandsThousands 
Reporting Stills Reporting of Bbl. of Pbl. @ 

The refinery of the Egaso East Coast . 100.0 512,000 88.0 17,706 6,753 ait 

, ; Appalachian 93.3 107,000 76.4 1,900 817 Officials of Hanlon- 
Operating Company in the Ind., IIL, Ky. . 94.6 307,000 72.7 9,637 2,715 

P g Company pee pap aan - > mere Buchanan, Inc., state they 
Os fi | - , a Okla., Kans., Mo. 83.7 241,000 62.4 5,447 2,873 ? 

age field, Wyoming, is Inland Texas 47.6 92,000 55.1 1,390 1,702 expect their natural gaso- 
bzin remodele I 4 di- Texas Gulf 97.4 489,000 92.6 5,068 4,501 _ 

— sialon Louisiana Gulf 96.4 119,000 = 738.5 1,519 954 line plant, under construc- 
tion to other work, a new No. Louisiana-Ark. 83.7 47,000 61.0 290 637 tion in Gregg County, East 

ki i . . Rocky Mountain 66.7 38,000 59.4 1,512 704 % P 
cracking unit is being in- California 96.9 422,000 51.3 13,040 82,400 Texas field, to be com- 
stalled. The plant was TOTALS WEEK : = == pleted the latter part of 
. April 21, 1934 89.7 2,374,000 70.9 57,509 104,056 ae 

taken over recently by E. April 14, 1984 89.7 2,340,000 69.9 57,770 102,853 June. This is an 8,000,- 
C. Winters of Kansas City, 000-cu. ft. plant. 
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Where is the refinery superintendent who wouldn't like to realize these ad- 
vantages in his cracking tubes and piping? If you have in your plant pressures, 
temperatures, or corrosive conditions that are too severe for ordinary piping 
material, then NATIONAL 4%-6% Chromium Pipe and Tubes will give youa 
new measure of both safety and economy. Cracking still tubes, hot oil transfer 
lines, heat exchangers, condenser tubing, return bends, and steam boiler 
water wall tubes, are examples where the gain will be very marked. The 
destructive action of sulphur dioxide and other sulphur compounds is 
greatly retarded by this special alloy. Summarizing its ns anealbas here’s what 
you gain from these superior tubes: (1) improved strength at high tem- 
peratures, (2) greater immunity to corrosion, (3) better resistance to 
oxidation or scaling, (4) increased ductility for bending and forming, 
(5) accurately controlled heat treatment, (6) superior quality electric-furnace 
steel, (7) wide range of sizes and lengths, (8) seamless walls—no welds, 
(9) upset or otherwise formed ends if desired, (10) exclusive ‘‘Sentry” 
drilling when ordered. Write for more detailed information. 


NATIONAL TUBE COMPANY - PITTSBURGH, PA. 


SUBSIDIARY OF UNITED US STATES STEEL CORPORATION 
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GAUGES, COMPOSITIONS. TREATMENTS 
TO SUIT ALL USES—— 


QUALITY NEVER IN DOUBT! ¥XS 
KEYSTONE COPPER STEEL Excels for Tanks and Drums 


Specially adapted for Roofing and Siding, Shops, Sheds and Oil Field Construction— Culverts and Flumes 








AMERICAN products have demonstrated their adaptability for 
oil field and construction uses—and their wide utilization is evi- 
dence of the tremendous progress made in steel sheet and tin 
plate manufacture. Supplied in Black and Galvanized Sheets, 


Inquiries regarding any application 


of USS STAINLESS ond Heat Formed Roofing and Siding Products, Special Sheets, Tin and 
Resisting Steel She Ligh e ‘ i. 
Pate any product fabricated Terne Plates. Specify Keystone Copper Steel for uses requiring 
tom these alloy materials, wil . ° . . . 

given prompt and careful attention. maximum rust resistance. Our latest literature will interest you. 









i 
AMERICAN SHEET and TIN PLATE Oud ee 


General Offices: Frick Building, Pittsbursh Pa. 
("SUBSIDIARY OF UNITED STATES STEEL CORPOR 















DISTRICT SALES OFFICES: 








CuIcaGo, ILL. The 208 So. La Salle Street Building Detrott, MICH. - - General Motors Building PHILADELPHIA, PA. - - Widener Building 
, CINCINNATI, OnI0 Union Trust Building Houston, Tex. - - Petroleum Building PITTSBURGH, Pa. - - Frick Building 
DENVER, CoLo, First National Bank Building New York, N. Y. 71 Broadway St. Lours, Mo. - Mississippi Valley Trast Building 
L Pacific Coast Distridutors—Columbia Steel Company, San Francisco, California. Export Distributors—United States Stee} Products Company, | New York, N, ¥. 
acral 
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48,000-bbl. 
reciprocating 
Goulds Pump installed 
at Hufsmith, Texas 





By FRANK H. LOVE 





New Engineering Ideas Incorp), 


HE Stanolind Pipe Line Company has recently increased (two 300-hp. Diesel engines driving reciprocating pumps) 

from 35,000 bbl. to 40,000 bbl. daily the capacity of were supplemented by a 400-hp. Diesel direct-connected to 
the South Texas division of its system in anticipation of the a horizontal reciprocating triplex pump with a 5'/2-in. bore 
sizable supply of crude oil that will soon be required for the and a 24-in. stroke. Additional yard lines were laid and the 
Pan-American refinery under construction at Texas City, suction and discharge manifolds enlarged. 
Texas. The program included the installation of a number of Two 250-hp. Diesel engines direct-connected to horizontal 
new pumping units and manifolds, looping of the line be- reciprocating pumps were added at Easterly, where the orig- 
tween Mexia and Hufsmith, and addition of auxiliary equip- inal equipment consisted of a 250-hp. and a 300-hp. Diesel 
ment, making necessary the enlargement of station buildings engine driving reciprocating pumps. A new manifold was 
at Mexia, Easterly, Singleton and Huf- installed at that station and new yard lines 
smith. Section of enlarged discharge laid. Additions at Singleton duplicated 
At Mexia the units already in operation manifold at Mexia Station those at Easterly. 











T he PETROLEUM ENGINEER 


come 
x2 


PS) 
| to 
ore 


the 


ntal 
rig- 
iese| 
was 
ines 
ted 








Pump installation typical of Stanolind's South Texas system 


orated in Station Improvements 


An especially interesting unit is that at Hufsmith, a 750- 
hp. Diesel direct-connected to a 48,000-bbl. triplex hori- 
zontal reciprocating Goulds pump with a 634-in. bore and 
36-in. stroke, an efficient piece of equipment embodying 
many new features. Among these are polished aluminum 
covers totally enclosing all valve boxes; chromium-plated 
lubricator connections and oilers; chromium-plated cross- 
head guard railing on the fluid end, and all gearing, cranks, 
connecting rods, etc., entirely enclosed. 

The pump, weighing 75 tons, occupies a floor area of 16 
ft. 6 in. by 29 ft. 8 inches. It operates under a working 
pressure of 750 lb. per sq. in. and develops a speed of 43 
revolutions per minute. An impression of the extraordinarily 
large size of the unit is gained from the fact that the crank- 
shaft measures 12 in. in diameter, the pinion shaft 10 in.; 
the diameter of the main driving gear is 9 ft. 2 inches. The 
latter, weighing five tons, has a face width of 20 inches. 
The largest single casting is the center frame section weigh- 
ing eight tons. The continuous gravity oiling system is 
equipped with a filter. 

Because of its enormous size the pump had to be knocked 
down for shipment and three flat cars were required to 
handle it. An interesting fact in connection with its shipping 
was that, rather than the cars being routed by rail across 
country, they were dispatched to Hoboken, N. J., loaded on a 
“sea-train” and taken by water to New Orleans, thence by 
rail to Hufsmith. The “‘sea-train” provides a new means of 
handling carload shipments to Cuba and Gulf ports and will 
carry 100 fully loaded freight cars. It can be loaded to 
capacity or unloaded in ten hours; whereas loading of the 
same size cargo, if stowed in an ordinary steamer, would 
require approximately one week. 

Prior to installation of the 750-hp. Diesel and 48,000-bbl. 
pump at Hufsmith, the station’s pumping equipment con- 
sisted of two Diesels, one of 250-hp., the other 300-hp., 
driving reciprocating pumps. 

The new engines have been equipped with enclosed heat- 
exchangers for cooling jacket water, these being of the shell 
and tube type with crude oil, running countercurrent to the 
water, the cooling agent. The spray and reservoir system of 
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cooling, with overhead operating tank, still is used on the old 
units. The exchangers are of the high-pressure type, being 
placed on the discharge side of the oil pumps. 

At all stations 37%2-hp. oil engines, salvaged from field 
stations, were installed as auxiliaries for the pulling of suc- 
tion pumps, generators, centrifuge machines, etc. Previously, 
25-hp. horizontal engines were employed for this purpose. 

Three loops of 10-in. pipe, each slightly more than six 
miles in length (totaling 191 miles) were laid between sta- 
tions. In accordance with recent practice of the Stanolind 
Pipe Line Company, the loops were run from existing junc- 
tions (at Kosse, Zulch and Dacus) to exactly the point 
along the line necessary to obtain the desired capacity, rather 
than to some point selected because the elevation was suff- 


400-hp. Diesel at Mexia Station 
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cient to allow for “cutting in” without loss of oil. This 
method of “cutting in” at a high point was once general 
practice and prevented loss of oil during the process. Then, 
when a “cut-in” was made on low ground it was necessary 
to provide an earthen pit or build a dam to trap the oil 
draining from the line, a method with serious disadvantages. 
As the result of extensive experimentation, W. G. Heltzel, 
general superintendent of the Stanolind Pipe Line Company, 
and C. M. Scott, Jr., chief engineer, evolved two methods of 
making ‘“‘cut-ins” in low or level territory without the loss 
of oil. One method involves displacement of the oil by air; 
the other is accomplished by pumping the oil from the trunk 
line into a parallel line, when one is available, and there im- 
pounding it until the “tie-ins” 
have been completed. Both were 
employed in laying the loops 
between Mexia and Hufsmith. 

Transference of the oil from 
one line to another requires 
special equipment and J. E. 
Polston and A. M. Hill, super- 
intendents for the Stanolind, 
have developed a new tapping 
machine and connections that 
do away with certain objection- 
able features attending the old 
practice of leaving the saddle 
and connections on the line, an 
undesirable practice because of 
the risk of losing oil by leakage 
from connections, the blowing 
out of the gasket or the break- 
ing of the valve or stop cock. 
Mr. Heltzel, in describing the 
methods developed by Messrs. 
Polston and Hill, states:' 

“The first step in making the 
transfer of the oil is to weld 
electrically a special designed 





to be drained, and also to the 
line into which the oil is to be transferred. This special nipple 
is forged with a heavy wall and one end is shaped to fit the 
curvature of the pipe. The other end has a special thread on 
the inside and a standard 3-in. thread on the outside. 

“After these special nipples have been welded to the line, 
a high-pressure 3-in. gate valve is screwed on the nipple. This 
tapping device, equipped with a stuffing box, is screwed to 
the other side of the valve. The valve is opened and a 2-in. 
hole is drilled through the pipe by a drill fitted to a drill- 
shaft which is operated by the ratchet type tapping device. 
The drill is then drawn back of the valve disc and the valve 
closed. The tapping device is disconnected from the valve to 
make the connections for transferring the oil. When the 
transfer of the oil has been completed, the tapping device 
is screwed into the valve again for the purpose of screwing 
a specially designed solid forged steel plug into the inside 
thread of the nipple welded to the line. The head of the steel 
plug fits the shank used for the drill, and the same operation 
for tapping the line is used except that, instead of drilling, 
the plug is screwed into the nipple. After the plug is tested 
for tightness, the tapping device is unscrewed and the valve 
removed. A 3-in. coupling and bull plug is screwed to the 
outside thread of the nipple welded to the line. The inside 
plug prevents any leakage, but the outside bull plug is pro- 
vided to preserve the working features of the inside plug 
for future use. The outside bull plug and coupling is coated 
with asphalt to protect it against corrosion. These operations 











1**Advancements in Maintenance and Repair of Pipe Lines,’’ W. G. Helt- 
zel, before A.P.I., Chicago, October 26, 1933. 
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have proved eminently satisfactory and can be done with 
the loss of only a few gallons of oil that drain from the 
tapping connections. 

“Since too much time was required to transfer the oil with 
the low capacity ‘pick-up’ unit, a new type of pumpin 
unit was developed to handle a large volume of oil at a low 
pressure, rather than a small capacity at a high pressur, 
This piece of equipment consists of: . 

(1) A 75-hp. V-8 Ford motor, 3,000 r.p.m., self startin 
mounted on skids and directly connected with a flexible Pr 
ling to (2) A two-stage centrifugal pump with a capacity - 
300 bbl. per hour at 250 Ib. pressure. (3) Assembled crude oil 
piping system with a check valve on the discharge line 
(4) Turbine type oil meter con. 
nected in the discharge Piping 
system. (5) Two pieces of 4-in, 
flexible steel hose about eight 
feet long for the suction con. 
nections, and two pieces of 3-in, 
(250 lb. pressure) flexible stee| 
hose for the discharge connec. 
tion. (6) Various lengths of 3 
and 4-in. pipe, also nipples 
grooved for the ‘groove and gas. 
ket’ type coupling. (7) Supply 
of groove and gasket couplings, 
(8) Pressure gauges for the suc- 
tion and discharge. (9) Strain- 
er, assembled in the suction line, 

“The pumping unit weighs 
approximately 1,400 Ib., facili- 
tating its transportation. 

“The flexible hose and the 
grooved couplings have been 
provided to save time in making 
the suction and discharge con- 
nections between the line and 
the pump. The strainer is at- 
tached to the unit and perma- 





forged steel nipple to the line New lines leading to station manifold nently assembled in the suction 


piping, while the check valve is 
permanently fixed in the discharge piping. By use of the 
flexible steel hose no fittings are required and the joints are 
made by means of the groove and gasket coupling.” 

The method described by Mr. Heltzel was used for clear- 
ing the lines of oil before making the “‘cut-ins” at the Zulch 
Junction, Dacus Junction and Singleton manifolds (these 
being new) and at the “Wyes” below these junctions where 
the new loop tied into the trunk line. Reciprocating pumps 
powered by gasoline engines, and high-speed centrifugal 
pumps, were employed, forcing the oil from the trunk line 
into the Easterly, Singleton and Hufsmith station tanks. 
When the pressure was off the end of the line upon which 
the pumps were operating, connections were transferred 80 
that discharge was into the new 10-in. loop. Oil remaining 
in the line (“slow drainage”) was pumped into this new 
loop, upon which a head gate previously had been installed. 
With the oil thus impounded in the station tanks and 10-in. 
loops, and the trunk line dry, the “‘cut-ins” were made and 
the loops tied into the main line and manifolds. 

In the case of the “tie-ins” at the Kosse Junction mani 
fold and the “Wye” and the Easterly manifold a somewhat 
different method was employed. Instead of pumps to force 
the main line oil back into the stations, 120-lb. air pressure 
was put on the line by means of a portable air-compressot 
and the oil thus discharged into the Mexia and Easterly 
station tanks. In order to make certain the line was perfectly 
dry, a high-speed centrifugal pumping unit was connected 
to the trunk line and any remaining oil forced into the new 
loop, after the manner previously described. 
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A Rapid 


Method 


For Determining Permeabilities 


of Consolidated Rock 


By WM. L. HORNER 


Research Engineer 
Forest Oil Corporation 
Bradford, Pennsylvania 


ONSIDERABLE interest has been manifest lately 
C in the hydrodynamics of oil reservoirs. This in- 
terest has naturally prompted investigations into the 
measurement of permeability and several excellent 
papers (2), (3)* have appeared on the subject. It is 
felt that the subject of permeability is an unnecessarily 
strange one to the petroleum engineer, and it is the 
purpose of this paper to describe briefly the author’s 
routine technique and to point out that the principle 
of permeability measurement is simply to measure the 
pressures, and to time the flow of a fluid through a 
measured piece of rock. These observed values are sub- 
stituted in a simple formula. The resultant value is a 
definite quantity that can be directly applied to hydro- 
dynamic formulz. 

The permeability of a rock is a property of the rock itself 
(5), and is independent of the viscosity of the fluids passed 
through it. In the cases of artesian wells producing nothing 
but water, and in other special cases involving simple fluids, 
the average permeability of the reservoir can be determined 
in the field (1), (2), (6). The method followed is essen- 
tially that of reducing the well data to steady conditions and 
applying the familiar radial flow formula to the production 
rate: 

Ty 
— ZQ log ro 
2r7tAp 

Since the resistance of the rock to flow of gas-liquid and 
oil-water mixtures have not been evaluated, the measurement 
of permeability must be made with simple fluids. Laboratory 
methods have the advantage of quantitatively measuring the 
universally important variations of reservoir conditions 
throughout the vertical section. Each layer of rock has its 
own characteristic conductivity, and knowledge of these 
differences is obviously of particular value in the Bradford 
field. Knowledge of these differences in other fields could 
explain many of the production phenomena encountered. If 
this reservoir information could be made available to the 
petroleum engineer before the development of a new field 
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‘Numbers in parentheses refer to references given at end of article. 
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Fig. 1. View of vise showing the fracturing chisels (J) 


had advanced, he could predict spacing-pressure relations, 
production decline, and rates of water encroachment. Inci- 
dentally, in one part of the Bradford field permeability tests 
show that 40 per cent of the water forced into the sand 
spreads through only ten per cent of the thickness of the 
sandstone reservoir. A similar condition of non-uniformity 
is an important feature of the Woodbine Sand in East Texas. 
In 1932 the Forest Oil Corporation began using the rou- 
tine measurement of permeability in its development pro- 
grams. A method for testing a great number of samples had 
to be developed. The method to be described is not entirely 
unique in principle, but it is rapid enough to permit one man 
to make several hundred determinations each month, obviat- 
ing the substitution of indirect measurements such as grain 
size and porosity. The following description, therefore, may 
be of value to engineers who are interested in coring and in 
making permeability tests on the core. The cores the writer 
works with are taken with a Baker core barrel and consist of 
circular discs of rock with an average thickness of less than 
two inches. The core is placed in tinned, open-sided tubes of 
sheet metal at the well and delivered to the laboratory. These 
tubes are laid out on the floor and sampling points are selected 
at approximately four-inch intervals. The depth of the for- 
mation at each point is determined from the driller’s log and 
recorded in a notebook. 
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Fig. 2. Mounted test prism (T) and recessed end plates 


Preparations for the measurement of flow include the selec- 
tion, cutting, washing, drying, measuring and mounting of 
the various rock samples to be tested. With a soft crayon, a 
number denoting the sample is written on the core containers 
at the points where samples are to be taken. These samples are 
then placed into correspondingly numbered half-pint, cir- 
cular ice cream cartons. These biscuit samples are trimmed 
to a convenient size, about 1.8x1.8 cm. in area and about 
1.1 cm. long. For our purpose, the length is made parallel to 
the bedding planes. The faces of this rectangular prism are 
fractured clean, parallel and flat by chisels set like teeth in the 
pipe jaws of a combination vise. (See Fig. 1.) The sides of 
each prism are smoothed vertically to the planes of the faces 
by grinding on a coarse carborundum wheel. The pieces are 
marked with distinguishing combinations by indelible colored 
pencils and extracted until clean in a 50-mm. Soxhlet extrac- 
tor. In an extractor of this size, 27 samples can be washed 
at one time. The time required for extraction averages from 
20 hours for Bradford samples to two hours for Illinois and 
Texas sands. Carbon tetrachloride is the fluid generally used 
for extraction, but it is necessary to drop a few pellets of 
potassium hydroxide into the boiling flask to neutralize the 
hydrochloric acid formed during the boiling. 


The pieces are dried, cooled, classified as to numbers, and 
then measured with calipers. A thin layer of green, No. 26 
Dennison’s sealing wax is sized on the sides of the sample. 
The coated piece is mounted by centering it, face flat, in a 
1'4-in. by 1%-in. plain brass nipple and filling up the space 
between the prism and the nipple wall with a red sealing wax 
of greater strength, such as Dennison Express Brand. Refer 
to Fig. 2. When the brass has cooled to room temperature, 
the surplus wax is scraped off, the ends of the nipple are 
polished off on emery cloth and the sample is ready for test- 
ing. The nipple is bolted between two square plates of ;°;-in. 
steel, two inches square, circularly recessed to seat the nipple 
ends on gaskets. (See Fig. 2.) Four bolts through holes in 
the plate corners hold the assembly together. A '%-in. tap 
in the center of each plate is provided for exit and entrance 
of air, the fluid used in the routine tests. 


Air or other gas, from cylinder or compressor is dried and 
filtered, and admitted under pressure through the sample at 
a rate determined as being safely within the viscous range of 
flow—for instance, 15 cc. per minute—and the pressure drop 
adjusted to a convenient value; for example, 10, 40, 100 mm. 
water or 40, 100, 200 or 400 mm. mercury. The pressures, 
rate of flow and temperature are then noted and recorded. 
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The rate of flow is measured by water displacement F 
‘ ‘ , . : im- 
ing with an electric stop watch the period of time it di 

: & 

for a 10-cc. or 25-cc. graduated cylinder to be filled With 

, i 

the air forced through the mounted sample. Correctio 

ns 

for barometric and v apor pressures are applied to the Visco. 

ity and pressure readings. Rather than observe the eit 

pressures for each routine test, the input pressure js increased 

a millimeter or two to compensate. The pressure jg regu 

lated manually through an oxygen reducing valve, or can be 

automatically controlled. (See Fig. 3.) The data now ob 

tained are ready for tabulation in a notebook and the per 
meability can be calculated. 

Calculations of permeability are made according to the 
following formula derived from Poisieulle’s law. The same 
procedure has been derived from Darcy’s law by other ip. 
vestigators, and the theory has been fully discussed in the 
paper by Wyckoff (2). 

.. eais 
A AP* 
K = Darcy’s (2), (5) cc./sec./cm./cm.* atmos, 
Z ——Viscosity in centipoises. 
L = Length of test prism in centimeters. 
Q = Rate of fluid in cc. per sec. 
A — Area of prism in cm.” 

AP* = Difference in atmospheres between input pressure 

squared and output pressure squared. 

The calculation of permeability can be illustrated with a 
sample taken at a depth of 1782 ft. in the core whose log is 
plotted in Fig. 4. From this sample, a test prism was cut 
that measured 1.16 cm. long, with faces at right angles to 
the bedding planes. These faces measured 1.81 cm. by 2.0 
cm. This sample was marked with indelible crayon of a color 
combination corresponding to our convention for No. 55 


Fig. 3. Complete apparatus with regulator (R) and core 
sample mounting (C) 
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nd was extracted for 30 hours in an extractor with 26 
a : . 
ples. The piece was then dried and coated with 


other sam | 
ax, and mounted as described. The following data were 

waa, 

observed during the test. A pressure of 101 mm. of mercury 


was found to be sufficient to drive 10 cc. of air through the 
in 40 seconds. The absolute input pressure in 
723+101 

760 
exit face of the sample was 724 mm., or 1 mm. above the 


test piece 


atmospheres was 1.083. The pressure on the 


723 mm. 


sric pressure: .952 atmos. The difference 
atmospheric P 760 mm. 


in the squares of the pressures is .267 and is equivalent to the 
\P? of the permeability formula for gases. The temperature 
of the air was 65 deg. fahr., so the viscosity was .0182 (vis- 
cosity in centipoises) times that of water at 68 deg. fahr., the 
standard reference temperature. The barometric pressure was 
723 mm. of mercury and this departure from the standard 
760 mm., together with the effect of the vapor pressure of 
the water displaced in the measuring cylinder, caused the 
measured volume of air to be about three per cent greater 
than the true dry volume. By reading the upper meniscus 
of the water as the level of the water, this error was practi- 
cally eliminated. The data were tabulated as follows: 








unsteady build-up period and the steady settled period of a 
five-spot water intake well. 

The problems of hydrodynamics of a fluid reservoir are 
less formidable to a research engineer in possession of some 
knowledge of the average and detailed permeabilities of the 
rock. These properties ot the rock can be rapidly found with 
real and practical certainty. 

The writer wishes to express his sincere appreciation of the 
valuable assistance given him by Messrs. Wilde, Moore, 
Weatherly and Hurst in his early permeability work at the 
Humble Oil and Refining Company, and that of Mr. K. B. 
Nowels, chief petroleum engineer of the Forest Oil Corpora- 
tion, for suggesting the construction of the vise chisels and 
for permission to submit this paper. Through the kind per- 
mission of the Forest Oil Corporation and the authorities of 
the University of Pittsburgh, an elaboration of this paper 
is to be submitted by the writer as part of a professional 
thesis. 
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(3.62)  (.267) (40) 
= .01082 Darcys 


This value has been plotted op- 
posite the depth of 1782 ft. on the 
log sheet, where it represents a 
point on the profile of the well 
whose log is plotted in Fig. 4. 

The log of the sand is plotted 
along one edge of a large sheet of 
arithmetric graph paper and a 
profile made up after the fashion 
of Fig. 4, and can be best aver- 
aged, analyzed and studied with 
the aid of a polar planimeter. The 
area within the profile curve rep- 
resents the capacity of the reser- 
voir to transmit fluid. 


Depth - Feet 


In applying the results of per- 
meability tests to the Bradford 
field, the writer developed a meth- 
od for predicting within five per 
cent of the amounts of water that 
the sand will take in water flood- 
ing at all times during both the 
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Fig. 4. Permeability profile of 
Bradford sand core 
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Determination 


of Allowable 


Inside Diameters of Cracking Tubes 


HE most important item in the safe operation of pres- 
sure stills is the periodical measurement of the inside 
diameters of the tubes, and their renewal when required. 
Several well-known devices are available that can be used to 
measure the inside diameters of tubes of any length, and to 
determine the largest inside diameter at any point along the 
length. Creep stress data are available for the materials suit- 
able for pressure still tubing. In addition to published data, 
the tube manufacturers have continuously accumulated data 
based on their experiments with the various tube materials. 
These private data are available for the use of customers. 
In the case of mild steel tubing, to which the following 
example is limited, the creep stress at any temperature will 
depend largely on the carbon content of 


wall temperatures during routine operation, to insure th 
no such deposits exist. The gas temperatures are generally 
recorded as a matter of routine, but any additional mr. 
can be obtained for the curve by inserting long deal 
couples through the side walls between the various rows of 
tubes, distributed along the length of the tubes as desired 
Should flow stop or slow down appreciably while the rm 
are lit, the metal temperatures would tend to approach the 
flue gas temperatures at an alarming rate. Automatic means 
are, therefore, provided for shutting off the burners should 
the flow diminish seriously. No use is made of the gas tem. 
peratures in the example given. 
Having the tube wall temperatures plotted for all tubes 
the stress allowable is plotted from 





the steel; the higher the carbon the higher 
the allowable loading. Creep stress is ex- 
pressed as the stress required at any tem- 
perature to cause a certain percentage of 
elongation in a given number of hours 
at the specified temperature. It is cus- 
tomary, as in the following example, to 
state the creep stress of mild steel as the 
stress required to produce one per cent 
elongation in 10,000 hours, although 


Oe 
By 
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creep stress data available for the m. 
terial from which the tubes are made. 
In the example given, .14C mild steel 
tubes are used, and the creep is based 
on one per cent elongation in 10,000 
hours. It will be noted that no creep 
stresses above 12,000 Ib. per sq. in. are 
plotted, as this is considered to be the 
safe upper limit for stress in the cold 
material. At this stress the factor of 





data for longer periods are available. In 
the case of KA2S (18-8) tubing, it is common to give the 
creep based on one per cent elongation in 100,000 hours. 

Let us refer now to the example shown graphically in 
Fig. 1. The first curve plotted is that showing the tube 
wall (metal) temperature of each tube in a given bank of 
the still. In this case there are eight rows of 12 tubes each, 
or 96 tubes. The tube wall temperatures of scattered tubes 
in the bank are measured during operation, using thermo- 
couples attached to the outside walls of the tubes. A method 
recommended for the measurement of the wall temperatures 
of mild steel tubing is to arc-weld a pair of Yg-in. M.A. 
thermocouple wires spaced one inch apart to the outside of 
each tube, using a suitable flux to avoid oxidation. The 
electrode used for each of the wires of the thermocouple 
should be a piece of the same wire. Readings obtained from 
a couple such as the above welded to mild steel will be as 
much as 15 deg. fahr. low, including five deg. as the pos- 
sible instrument error, and this amount may be safely added 
to the observed readings before plotting. The thermocouple 
leads may be encased in small portable beads, which will 
protect the wires from the hot gases and permit them to 
be bent as necessary. The two wires so insulated may then 
be encased in a coating of asbestos and sodium silicate (water 
glass). They should be led out of the still as directly as 
possible through a pipe set in the side wall. 

Since the tube wall temperature will follow generally the 
curve of oil temperatures, if the tubes are clean, the oil 
temperature curve is plotted as a guide in fairing in the 
various points observed for the tube wall temperature curve. 
Oil temperatures not usually recorded in routine operation 
of the still may be obtained using wells placed in various 
headers. Gas temperatures are also plotted, as of general 
interest, since they indicate the temperatures to which the 
metal might be raised should a heavy deposit of coke ac- 
cumulate. It is sometimes the practice to record the tube 
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safety referred to the yield point would 
be less than three. Having the creep 
stress Curve, it is necessary to plot the oil pressures for all 
tubes, observing sufficient pressures at special connections 
made in the headers to permit fairing in an accurate curve, 
The initial and final pressures, and sometimes one or more 
intermediate pressures, are recorded as a matter of routine. 
Operation records should be studied, to make sure that the 
oil pressures and temperatures plotted represent truly the 
average operating conditions of the still. The initial pres- 
sure drop due to friction may be computed to obtain the 
slope of the curve, assuming the oil to be gasoline. Con- 
siderable data on the friction loss of gasoline in tubing of 
any size is available. After the first few tubes, the cracking 
reaction and formation of gas causes the pressure to fall at 
an increasing rate, which results in the pressure curve falling 
sharply away from the computed initial tangent. 

The minimum safe allowable tube wall thickness may be 
computed from the pressure and creep stress for each tube 
by Barlow’s Formula: 


 ODRxXxP 
eS where 
t — thickness of tube wall, inches (minimum 
allowable) . 
O. D. = outside diameter of new tube, inches. 
P = pressure, lb./sq. in. 
C.S. = creep stress, lb./sq. in. 


Allowable Maximum Safe Inside Diameter—=O.D.—2t 

It will be noted that were the inside diameter substituted 
for the outside diameter in Barlow’s Formula, the resulting 
formula would be the familiar hoop stress formula used for 
computing the hoop stress in large drums or tanks, etc. For 
hollow cylinders with a large ratio of wall thickness to di- 
ameter, like cracking still tubes, it is necessary to make ao 
allowance for secondary stresses. Although more exact 
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thods are available for computing the stress in thick- 
wlled tubes, Barlow’s Formula is the most convenient to 
= and gives results on the safe side. 

Using the above formula we may compute the allowable 
I. D. for enough tubes to permit drawing the complete curve 
shown in Fig. 1. As an example, let us take Tube No. 26, 
where the pressure is shown as 949 lb. per sq. in. and the 
creep stress is given as 12,000 lb. per sq. in. From Barlow’s 
Formula: 

949 & 4.25 

a) 
Safe Maximum Allowable Inside Diameter 

4.25 in. — .34 in. = 3.91 in., as plotted. 


.34 in. 


After the above computations have been completed in 
the office, the result must be prepared for the practical use 
of the repair foreman in the refinery, who will be in charge 
of measuring tubes, and cutting out and replacing those that 
show excessive internal diameters. Therefore, instead of list- 
ing the correct limiting I.D. for each tube, we group the 
tubes as shown in Fig. 1, assigning to each group the same 
limiting I.D. In some Cases it is Convenient to assign the 
same limit to all tubes of each row, but in the example given 
this was not done. It is necessary to express the tube diameters 
to the next smaller 1/32 of an inch, since the measuring 
devices seldom read closer than this. In some cases, however, 
measurements are given to the next smaller 1/64 of an inch. 
Returning to our example, the following work order data 
were taken from Fig. 1: 


Safe Max. Est. Increase Approx. Present 
Tube Nos. I. D. Net Run Safe Max. I. D. 
1 - 26 3 29/32 in. 0 3 29/32 in. 
27 - 36 3 13/16 in. 0 3 13/16 in. 
37 - 49 3 23/32 in. 1/32 in. 3 11/16 in. 
50 - 61 35/8 in. 1/32 in. 3 19/32 in. 
62 - 96 39/16 in. 1/32 in. 3 17/32 in. 
From records kept for a year or 500 


so it is possible to estimate approx- 
imately the increase in inside tube 
diameter that will occur during a 
run of average length. All tubes 
should be renewed before they reach 
the safe limit assigned, rather than 
waiting until the next shut-down 
after the condition was noticed. In 
some plants it is the custom to 
measure the tubes just before the 
unit goes on stream, to avoid de- 
lays in starting due to cutting out 
and replacing tubes. The measure- 
ments cannot be taken until tubes 
are cleaned, and turbining of tubes 
is generally the largest item of 
work in the shut-down. In such 
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a case, it is particularly important 


After each shut-down, a record should be made of the 
maximum inside diameter of each tube. These data should 
be plotted on a large sheet, and the same sheet should be 
used for each successive run, with the various sets of measure- 
ments all connected with colored ink, a different ink or 
line being used for each shut-down. Of course, all lines should 
be dated. After this system has been installed, it will be very 
easy to tell at a glance how fast the inside diameter of any 
tube is increasing. It is from a record such as this that the 
data given above for the work order are prepared. 

Incidentally, it may be of interest to note that the increase 
of inside diameter in pressure still tubing is caused largely 
by loss of metal due to turbining, the cleaning tools eroding 
the metal at a rate depending on the nature and thickness 
of the coke, and the length of time the tool is held in one 
spot. Very little of the wear is due to corrosion in most cases, 
although some refineries have noted general corrosion and 
pitting in certain parts of the cracking coils, where high 
sulphur oils are being processed. Steps may be taken to 
neutralize most corrosive agents, but there has been little 
progress in reducing the erosion of tubes by cleaning tools. 

None of the present paper relates to the case of swelled 
tubes, which are caused by overheating due to coke deposi- 
tion. In addition to being alert for erratically large inside 
diameter readings, and watching the rate of increase of any 
tube temperatures that can be measured during the run, it 
is well to examine the outside of all tubes each shut-down. 
No very exact measurements can be taken, due to inaccessi- 
bility, but visual inspection is generally provided for, and 
should suffice for detecting serious swelling. Swollen tubes 
should, of course, be cut out and replaced before the unit 
goes back on stream. When tubes are made from some of the 
expensive alloy materials, swelling may be caused by holding 
the cleaner at one spot too long, when the tube is in a certain 
temperature range. 





to establish the rate of increase of 











the inside diameter of each tube as 
soon as possible, so that the tubes 
to be cut out at any shut-down 
may be marked on the headers in 
advance of shut-down, and cut out 


as soon as the cleaning operations 
begin. 


2030 
Cracking Tube Number 
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Fig. |. Telemeter unit (strain gauge 
type) attached to the polished 
rod 





ynamometers for the § 


By BLAINE B. WESCOTT,’ EMORY N. KEMLER' 
and H. D. COLLINS*® 


Introduction 


because of equipment failures. Several types of dynamometers 
have been used for investigating sucker rod stresses and the 
related problems of counterbalancing and _ regulation of 
pumping conditions. Information of great usefulness has 
resulted, but it has left much to 
be desired both in respect to ac- 
curacy and completeness. In 
numerous instances, the stresses 


HE constantly increasing competition in the produc- 
7 7. and sale of petroleum and its products has made 
it imperative to produce crude oil with the utmost economy. 
Efforts in this direction have been hampered by a lack of 
information related to the de- 
tailed functioning of numerous 
items of equipment in actual 
service operations. Underground 
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equipment, since it is the cause 
of more than 60 per cent of well 
trouble costs, offers the most pro- 
lific field for improvement and 
is consequently receiving the 
greatest attention. The behavior 
of the pump, tubing and sucker 
rods throughout the pumping 
cycle is of prime importance in 
this study and various methods 
of investigation have been re- 
sorted to. The stresses to which 
the sucker rods and tubing are 
subjected in a well and their 
time relationship to the position 
of the polished rod are essential 
items of information in deter- 
mining the underground efficien- 
cy and decreasing the down time 





7 “os delivered at National meeting 
of the Petroleum Division of A.S.M.E. at 
Tulsa, Okla., May 14-17, 1934. 


‘Gulf Research and Development Cor- 
poration, Pittsburgh, Pennsylvania. 
*Gypsy Oil Company, Tulsa, Okla. 
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TOP—Fig. 2. Telemeter recording circuit 
BOTTOM—Fig. 3. Polished rod motion recording circuit 


that have been indicated were 
of too low a magnitude to ac- 
count adequately for the fre- 
quent failures of rods and tubing 
while data relative to the rate 
of load transfer from tubing to 
rods and vice versa were almost 
wholly lacking. This investiga- 
tion was made to ascertain 
whether the telemeter, a recent- 
ly perfected electrical strain 
gauge, could be used in the study 
of special pumping problems to 
a greater advantage than the 
more common types of dynamo- 
meters. It was recognized at the 
start that, although the telemeter 
possibly was not suited for 
routine field use,it might be util- 
ized for the assemblage of data 
not obtainable by any other 
means at present available. There- 
fore, no attempt was made at 4 
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Fig. 4. Stroke and Timing Indicator 
for measurement of polished rod 
stroke and pumping speed 


















udy of Pumping Problems 


Highly Sensitive and Accurate Means for 
Studying Stresses Investigated 


quantitative solution of any particular problem, the principal meter, shown attached to the polished rod in Fig. 1, consists 












| the purpose being to demonstrate the applicability of the instru- essentially of two stacks of carbon resistor discs in the form 
i ment to the study of pumping problems. of annular rings each mounted at the outer end to the frame. 
wa Theoretical calculations cannot supply the wanted infor- The inner ends of the stacks make contact with a flexible 
h to mation because of the numerous factors of unknown mag- arm in such a manner that movement of this arm increases 
-~ nitude that are involved and because the actual conditions the pressure in one stack and decreases it by a like amount 
+t that prevail have not heretofore been susceptible to meas- in the other stack. One contact on the polished rod is fixed 
as urement. to the frame and is immovable; the other contact is linked 
on —s to the flexible arm just described and follows the polished 
escription of the Telemeter rod deformations within the l h of the i 
aie gauge length of the instrument, 
hon, Direct comparisons were made be- 
bing tween the telemeter and two dynamo- 
- meters, one a spring type and the other 
g to a fluid-pressure type, which were typi- 
— cally representative of the instruments 
riga- commonly used. 
tain The telemeter differs from the other 
ent: two dynamometers in that the instru- 
rein ment itself does not carry any part 
- of the load it measures, but functions 
pe solely as a strain gauge, measuring by 
re electrical means the elastic deforma- 
oll tions in the polished rod. The tele- 
; the sini 
reter 
rs Fig. 5. Complete telemeter equip- 
a ment. Reading from left to right: 
re stroke indicator, control panel board 
we for telemeter, oscillograph 
at a and camera 
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thus causing pressure variations in the resistor stacks. The 
electrical resistance of the stacks varies with the pressure, 
which, in turn, is controlled by the load imposed on the 
polished rod. This change in resistance is utilized in a 
Wheatstone bridge circuit for indicating and recording the 
load variations. The carbon stacks form two of the arms of 
the bridge (Fig. 2), with fixed resistances R, and Re and 
the respective portions of the slide wire R, as the other two 
arms. A constant voltage, checked by a voltmeter, is main- 
tained on the bridge during the duration of a test and the 
extent of its unbalance, which results from pressure changes 
on the stacks, is indicated visually by a milliammeter or 
recorded photographically by means of an oscillograph ele- 
ment and camera. The telemeter may be calibrated in a 
tensile machine or by means of a micrometer screw. 


Three oscillograph elements were used to record stress 
conditions in the polished rod. One element, not connected 
in any electrical circuit, was set to coincide with the tele- 
meter element when the telemeter circuit was balanced. The 
record thus obtained ‘gave a zero load line. A second un- 
actuated element was adjusted to coincide with the telemeter 
element when the polished rod sustained the dead load of 
the well. By this means a dead-load line was obtained. The 
telemeter element itself recorded instantaneous polished-rod 
load through a third oscillograph element. 


The movement of the polished rod was recorded on a 
fourth oscillograph element through an electrical circuit de- 
signed for the purpose. A string attached to the polished- 
rod hanger actuated a sliding contact of a variable resist- 
ance through a set of reduction gears with a ratio of 12 to 1. 
Coil springs insured the return of the contact to its zero 
position on the downstroke and eliminated back-lash in the 
gears. The circuit was maintained at a constant voltage and 
the change in current caused a resulting deflection of the 
oscillograph element. The wiring diagram of this circuit 
is given in Fig. 3. 
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In the same case housing the polished-rod motion indi- 


cator was mounted an electrically-driven tuning fork with 
a frequency of 100 vibrations per second. A microphone 
button, mounted between the arms of the fork, was con- 
nected to a fifth oscillograph element and produced a tuning 
wave of 100-cycle frequency on the photographic record 


that served to time the pumping speed. 


Fig. 6. Telemeter Calibration 
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Fig. 4 gives a view of the stroke indicator. An assembled 
view of the complete telemeter equipment is given in Fig. 5. 
Reading from left to right the various items are: stroke- 
indicating apparatus, panel board, which includes a milliam- 
meter for visual load indicating and a voltmeter for the 


They are shown in the form of graphs in Fig. 6. The oscillo- 
graph element used to record polished-rod motion was cali- 
brated for displacement in the field. 

A typical telemeter record prepared for analysis is repro- 
duced in Fig. 7. The white curves are the actual records 
from the five oscillograph elements; each curve is labeled to 
indicate its significance. The record represents one complete 
stroke, which is divided at 24 points by the black lines 
drawn in to correspond to each successive 15-degree position 
of the crank. The vertical displacement of the polished-rod 
curve above the black base line is proportional to the length 


of the stroke at the same point. The pumping speed is de- 


rod curve. 


termined from the number of oscillations of the timing wave 
between the beginning of the upstroke and the end of the 
downstroke. Similarly the vertical displacement of the static 
and live-load curves above the no-load curve at any point 
is proportional to the load on the polished rod at the time 
and position indicated by the vertical relation to the polished- 


The instantaneous load at any point can be readily found 
by measuring the vertical distance from the no-load line to 
the polished-rod curve, which, for example, may be con- 
sidered 1.33 inches. Then from Fig. 6, by following the 


dotted line, it is clear that this displacement is equivalent to 


a bridge unbalance of 8.9 milliamperes, corresponding in 
turn to a load of 16,600 lb. on a 1%-in. polished rod. 
Where a number of calculations are to be made it is much 
more convenient to determine polished-rod loads by means 
of simple equations that can be developed. Let: 
I = vertical displacement of load curve from no- 
load curve, 
M = milliamperes, unbalance, 
P = load in pounds, 

A and B = constants. 
Since the calibration curve (A) for converting inches of 


load deflection to milliamperes is a straight line passing 


telemeter circuit together with the fixed portion of the P 


Wheatstone bridge, oscillograph recorder, telemeter and 
camera. More recent development of the equipment pictured 
in Fig. § includes a compression type of telemeter unit that 
is used between the polished-rod hanger and clamp and is, 


therefore, unaffected by departure of the polished rod from 


straight-line motion, and the arrangement of the accessory 
control and recording equipment into a single compact case. 


Analysis of Telemeter Records 


The telemeter was standard- 
ized for 1%-in. and 1%-in. 
polished rods in an Amsler hy- 
draulic testing machine by the 
determination of the relation- 
ships between loads in the pol- 
ished rods and unbalance of the 
bridge circuit expressed in mil- 
liamperes. A second calibration 
in the field fixed the relationship 
between bridge unbalance (mil- 
liamperes) and deflection of the 
oscillograph element used to 
record instantaneous polished-rod 
loads. These two calibrations 
furnish all the data necessary for 
the analysis of telemeter records 
in regard to load conditions. 
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through the origin, its equation will take the form: 

M=AI - - 
Similarly the curve for changing milliamperes into lb. load 
on the polished rod is also a straight line passing through the 
origin so that its equation is: 
—- BM - « 
If the value of M from equation (1) is substituted in equa- 
tion (2) its gives: 

P—=BxAI=ABI- - - - - 


Since A and B are constants, equation (3) may be written: 


; 


(1) 


(2) 


(3) 


(4) 


where C is also a constant. In order to evaluate C it is only 
necessary to determine a value of P for a value of I. For 
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example, in a 14%4-in. polished rod when I = 1 inch, then 
P = 12,400 Ib. so that C= 12,400 and equation (4) 
becomes: 


| a er |) 
In a similar manner it can be found that: 
Pecgegeet --+--- +--+ s+ (6) 


for a 1%-in. polished rod. 

The comparison of dynamometer charts and_telemeter 
records in their original forms is impractical since the former 
records load in relation to displacement while the latter 
records load in relation to time. The load-time records are 
of particular use in counterbalancing and similar studies 
while the load-displacement charts are useful in determining 
power consumption and operating efficiencies. The latter con- 
siderations were of greatest interest so that the telemeter 
records were replotted, using polished-rod load and polished- 
rod motion as the coordinates. Both the dynamometer charts 
and the telemeter records were plotted to the same scale 
to enable direct comparisons to be made. The telemeter 
curves were plotted from the 24 points corresponding to 
15-degree positions of the crank as indicated in Fig. 7. 
No attempt was made to include the high frequency vibra- 
tions that were evident on all the telemeter records. In all 
these comparisons the curves were drawn to the scale of: 

lin. = 10 in. of polished-rod motion = 4000 lb. 
change of polished-rod load. 
It then follows that: 


10 
1 sq. in. = 3 x 4000 = 3333 ft. lb. of work - - (7) 


and hp. can be calculated from the equation 

3333 x (area of chart) x (strokes per minute) 
33,000 ) 

It is only necessary to consider the areas of the charts in 

comparing results of the telemeter and dynamometers since 


they were used simultaneously and the pumping speeds were, 
therefore, identical. 


HP. = 


Experimental Results 


The data for the tests included in this investigation are 
given in Table 1. Reproductions of the telemeter records for 
each of the tests listed in the table are given in Figs. 8 to 16 
inclusive and the replotted charts are given in Figs. 17 to 
25 inclusive. The significant data from the tests are assem- 


bled in Table 2. 


Discussion 


The first three tests were made without any change in 
operating conditions of the well other than those caused by 
shutting the well down long enough to attach the various 
instruments. All the following comments on the various tests 
must be qualified by the possibility that load conditions may 
have been changed during the shut down period by fall of 
fluid head, accumulation of gas, etc. As far as possible, the 
well was allowed to pump up before measurements were 
taken. It is evident from Table 2 that both the peak load and 
minimum load recorded by the telemeter alone greatly ex- 
ceeded those found when the telemeter was used in combina- 
tion with either of the other two dynamometers. Based on 
the telemeter record for the first test, the differences in peak 
loads amounted to 21 per cent for the second test and 16 
per cent for the third test. Corresponding values for mini- 
mum loads differed by 82 per cent and 43 per cent respec- 
tively. These values represent the result of the compounding 
characteristics of the spring in the first case and the combi- 
nation of hydraulic damping and compounding action of 
the spring in the second case. It should be noted here that 
the telemeter element used is sensitive to bends in the polished 
rod but this factor was eliminated in the tests of well No. 1 
by locating the element at the same point so that any effect 
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so introduced was constant, thus permitting direct compari- 
sons between the telemeter and dynamometers. 

In the second test the spring type dynamometer and the 
telemeter were operated simultaneously. The peak load te. 
corded by the dynamometer was seven per cent below the 
telemeter and the minimum load was 25 per cent above the 
telemeter. The hp. at the polished rod indicated by the 
dynamometer exceeded that by the telemeter by eight per 
cent. Reference to Fig. 24 wll explain this anomaly, The 
dynamometer had a phase lag at the peak load corresponding 
to seven inches of polished-rod motion and a phase advance 
at the minimum load on the downstroke corresponding to 
six inches of polished-rod motion. Furthermore, the load indj- 
cated by the dynamometer at the top of the stroke was 24 
per cent less than the indicated telemeter load and at the 
bottom of the stroke the indicated dynamometer load was 
17 per cent greater than the corresponding telemeter 
recording. 


The third test afforded a direct comparison between the 
fluid-pressure type dynamometer and the telemeter under con- 
ditions essentially unchanged from those of the second test, 
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The maximum telemeter load exceeded that of the dyna- 
mometer by ten per cent while the minimum loads were 
‘dentical. The i.hp. at the polished rod by the dynamometer 
was eight per cent greater than by the telemeter. It is clear 
from Fig. 19 that the dynamometer exhibited a phase lag in 
recording the peak load on the upstroke amounting to 14 
in. of polished rod travel; the phase advance of the dyna- 
mometer on the downstroke amounted to two in. of polished 
rod travel. The dynamometer load at the end of the upstroke 
was 17 per cent less than the telemeter load and at the end 
of the downstroke it was 25 per cent greater than the corre- 
sponding telemeter load. 

The second and third tests provided an indirect compari- 
son of the spring type and fluid-pressure type dynamometers. 
The indications were that the former more nearly approached 
the telemeter in magnitude of loads and phase than the latter. 
It appeared that the fluid-pressure type dynamometer was 
more sluggish and possessed of greater inertia than the spring 
type dynamometer. 

The fourth, fifth, and sixth tests gave further comparisons 
between the fluid-pressure type dynamometer and the tele- 
meter at three different pumping rates. Since the same general 
divergences were found it is not necessary to consider them 
in detail. It is noticeab!e from Table 2 and Figs. 20, 21 and 
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22 that the differences in i.hp. at the polished rod increased 
as the pumping speed increased. Increases in pumping rates 
were also accompanied by increases in maximum loads and 
decreases in minimum loads as a natural consequence of the 
greater accelerations involved. Fig. 28 indicates that the 
dynamometer failed to register the peak load, probably be- 
cause of insufficient spring capacity in the indicator 
mechanism. 


It has been pointed out that hp. at the polished rod was 
found to be less for the telemeter than for the dynamometers 
in those tests where the two were used together. This is a 
case of compensating errors with the dynamometers, since 
the loss in card area caused by their damping action on peak 
loads is regained by their phase displacements. This is ex- 
emplified by the first two tests; in the second test the 
dynamometer hp. was the same as the telemeter hp. in the 
first test. The greater phase diplacement of the fluid-pressure 
type dynamometer more than counteracts its inability to 
register correct peak loads as shown by the hp. indicated in 
the third test as compared to the telemeter hp. in the first 
test. The pumping speed undoubtedly has a considerable 
effect on the hp. accuracy, since there was a difference of 























TABLE | 


Conditions of Dynamometer-Telemeter Tests 





Size of Speed Engine Speed 
Test Depth Pump Stroke (strokes  (r.p.m.) 
No. Well* (ft.)  (in.) (in.) per min.) Remarks 
Max. Min. 


telemeter used alone 
telemeter and spring type 
dynamometer 

telemeter and fluid-pressure 
type dynamometer 

telemeter and fluid-pressure 
type dynamometer 

telemeter and fluid-pressure 
type dynamometer 

telemeter and fluid-pressure 
type dynamometer 

telemeter, 1600-Ib. rotary, 
4000-lb. beam counterbalance 

telemeter, defective beam 
hanger 

telemeter, new beam hanger. 


1 No.1 4100 2% 743% 20% 215 200 
2 No.1 4100 2% 743% 20% 215 200 


3 No.1 4100 2% 74% 2044 215 200 
4 No.1 4100 2% 74% 16% 178 152 
5 No.1 4100 2% 74% 18 194 182 
6 No.1 4100 2% 74% 204% 228 8212 
7 N.1 4100 2% 74% 1934 218 192 
8 No.2 3995 2% 73 2034 


9 No.2 3995 2% 73 2034 





*Both wells were equipped with 2'-in. tubing and 2'2-in. pumps. 
Polished rod diameters were 1.225 in. on well No. 7 and 1.250 in. on well 
No. 2. Both wells were powered with 40-hp. gas engines. Production of 
well No. 1 was 35 bbl. of oil and 630 bbl. of water, that from well No. 2 
was 30 bbl. of oil and 600 bbl. of water. 


ten per cent between the fluid-pressure type dynamometer 
and the telemeter at 1634 strokes per minute and 15 per cent 
at 21' 1/3 strokes per minute. It is important to have accurate 
hp. values, since these figures are used to determine the 
efficiencies of both underground equipment and the rig. 
There is no point in attempting to calculate errors of the 
dynamometers in measuring hp. since the individual tests 
will vary depending on the extent of compensation of the 
two errors and because the hp. recorded by the telemeter 
differs from the actual when used with either of the dyna- 
mometers. The theoretical hp. for the production of the well, 
given in Table 1, is 21.3, which indicates an efficiency of 
70 per cent for the underground equipment based on the 
first test. 


One of the most important facts brought out by these 
tests is the ability of the telemeter to record superposed 
load variations of high frequency. The existence of these 
secondary peak loads has been suspected but they have 
previously been incapable of detection by ordinary dyna- 
mometers. The telemeter record in Fig. 8 shows a very high 
frequency stress vibration at the instant of the peak load. 
A similar vibration is evident just after the start of the 
downstroke and this was followed by a series just before 
the minimum load was reached. The frequencies of these 
stress cycles were approximately 100 per second and reference 
to Figs. 9 and 10 shows that they were entirely damped out 
by the dynamometers. The record in Fig. 13 discloses a stress 
vibration of about 2500 Ib. near the end of the down-stroke 
with a frequency of more than 15 per second. Fig. 14 gives 
the record taken with a combination of rotary and beam 
counterbalances. At the peak load there was a load cycle of 
1800 lb. with a frequency of ten per second and at the 
minimum load there was a load cycle of 5500 Ib. with about 
the same frequency. This record forms a fine example of the 
sensitivity of the telemeter. It also serves to illustrate the 
suitability of the instrument for special purposes such as 
counterbalancing studies. 


The eighth and ninth tests furnish a further example of 
a problem that was not adapted to solution by dynamometers. 
The records in Figs. 15 and 24 were taken with a beam 
hanger that had a badly worn and poorly lubricated bearing, 
thereby inducing excessive stresses in the polished rod. With- 
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TABLE 2 
Data from Dynamometer-Telemeter Tests 
- aE aces i 
Polished-Rod Loads (Ib.) 
Test Dynamometer Telemeter Horsepower at Polished Rod 
No. — 
Max. Min. Max. Min. Dynamometer  Telemeter 
1 22,500 4,400 30.4 no dynamomete, 
2 16,500 1,000 17,800 800 30.4 29.6 spring type 
dynamometer 
3 17,000 2,400 18,900 2,500 31.5 29.1 fluid-pressure 
dynamomete”™ 
4 16,000 4,000 16,400 4,900 17.9 16.3 fluid-preesure t 
dynamometer "” 
5 17,000 3,000 18,300 4,400 23.9 22.1 fluid-pressure t 
dynamometer” 
6 18,000 3,100 18,900 1,900 36.3 31.5 fluid-pressure t 
: dynamometer.” 
7 17,200 2,400 24.2 rotary-beam 
counterbalance 
8 25,600 6,200 43.6 defective beam 
hanger 
9 19,300 4,200 35 3 new beam hanger 





——— 


out changing any other conditions, a new hanger was ip. 
stalled and the records in Figs. 16 and 25 were taken. Com. 
parison of Figs. 15 and 16 illustrates the improvement 
effected by the new hanger. The peak load was reduced from 
25,600 Ib. to 19,300 Ib. and practically all the secondary 
load variations were smoothed out. The latter figure probably 
represents the true weight of the well. The high load with 
the old hanger may be attributed largely to bending of the 
polished rod by the poor operation of the hanger bearing. 
This chattering was both visible and audible. It is possible, 
of course, that gas accumulation during the shut-down 
lightened the load somewhat during the test with the new 
hanger. 


Conclusions 


The foregoing account of the comparison of the telemeter 
with two dynamometers of typical types provides the basis 
for the following conclusions: 


1. The telemeter provides a highly sensitive and accurate 
means for the study of stresses resulting from pumping 
operations. 


2. Spring and fluid type dynamometers should be used 
advisedly in the study of pumping problems because: 


A. They do not record load variations of high frequency. 


B. They do not accurately record peak loads either in 
magnitude or the proper phase relationship to polished- 
rod motion. 


C. Their accuracy is affected by the pumping speed. 
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ROM time to time old theories must be reéxamined in 

the light of new evidence and for the benefit of a new 
generation. Such an old theory is ‘““Rock Pressure”: that the 
cause of the fluid pressures found underground is the weight 
of the overburden compressing the reservoir rocks. This was 
the first theory ever advanced to account for underground 
pressure and so firmly was it once held that the term “Rock 
Pressure” became an irremovable part of oil field terminology. 
It was not till the geologist became a recognized part of the 
industry that the theory was seriously challenged. By him the 
theory was discarded because there was no reason to believe 
that sandstones could be compressed to any important degree 
under the conditions found in our oil and gas fields and, on 
the other hand, the fluid pressure 


“Rock Pressure” 





Importance of Role Played by 
Compressibility of Producing 
Sands in Oil Recovery 


it should be borne in mind that an axiom in valuing circum- 
stantial evidence is to give it little weight where the facts 
can be reasonably accounted for in another manner or even 
where other possible explanat.ons cannot be disproved. It is 
likewise apropo to keep in mind the frequently quoted ad- 
monition of a learned judge in a patent suit to the effect that 
one good reference is weightier than the cumulative value 
of any number of poor references. 

One example frequently used by proponents of the theory 
is the influence of tides upon water wells along the sea coasts, 
Examples are reported from Puget Sound and from the Long 
Island, New Jersey, and Virginia coasts, where the water head 
is distinctly higher at high tides than at low tides. This has 

been taken as proof of compres- 





could be adequately explained by 
hydrostatic pressures. However, 


the theory at no time has entirely [ © Compression of the sand as the fluids tidal pull. 


lacked advocates and recently J. | 
S. Hudnall has again directed at- |} 
tention to it in an address de- || 
livered at the meeting of the || 


American Association of Petro- 


leum Geologists at Dallas. | has recently been suggested by J. A. Hud- | — by compression of the sands. This 
As presented by the modern || pall, Consulting Geologist of Tyler, Texas, | subject is ably treated by Veach,' 


advocates of the theory, the fluid 
pressures in the reservoir help | 
support the overburden and as 
pressures are reduced through | 
withdrawals of the oil, gas and_ || 


water, an increased load isthrown | operators—to what extent do "Rock Pres- | are in sands dipping from the 


upon the reservoir rocks com- 
pressing them and reducing their 


porosity; in effect squeezing the sands enter into oil and gas recovery? In | the high tides are transmitted 
fluids out of the sand like water this article the author, J. O. Lewis, discusses | back through the water filling 
om aszongs In super of | onbity of the epaimetl evidence | Shen Avtier alain 
field evidences are advanced cited by Hudnall in support of his theory. - recent formations act as a dia- 





whose cumulative weight is felt }| _ 


(oil, gas and water) are released, thereby 
reducing the permeability, and hence the to be well established, but it by 


velocity of flow of oil and gas in the sand, 


as an explanation of the decline in potential 
in the East Texas field. This raises the ques- sidence at Goose Creek. 


tion——an important one to East Texas 


sure" and the compressibility of producing 


sion and expansion of the water- 
bearing sands under influence of 


The influence of tides on some 
wells close to tidewater appears 


no means follows that tidal pres- 
sures are transmitted to the water 





|| who is extensively quoted by 
Snider in his discussion of sub- 


Veach offers the explanations 
that such potable water supplies 


land under the ocean where they 
| vent and that the pressures from 





phragm, which transmits changes 





to be important and in direct evi- 
dence, Hudnall cites references to 
experiments showing high compressibility of uncemented 
sands. 

Inasmuch as all substances are to some degree compres- 
sible, it must be granted at the start that there is such a thing 
as compressibility of all reservoir rocks and consequently the 
issue becomes quantitative: whether the reduction in the 
pore space of the reservoir rock by removal of the counter- 
balancing pressure of the fluids is consequential or inconse- 
quential. 

In an article of this length it would be impossible to con- 
sider all the circumstantial field evidence that has been ad- 
vanced as cumulative proof of “Rock Pressure.” Two of such 
instances, seemingly the most convincing, are selected for 
analysis as types of this class of proof. In considering them 
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in tidal pressures to the subma- 
rine formations. 

In neither explanation is it necessary to assume any ap- 
preciable compaction of the sands to account adequately for 
the tidal influences. That there must be submarine outlets is 
necessitated by the occurrence of potable waters, which 
means freely circulating waters, and there could be no ci- 
culation without outlets under the sea. Submarine freshwater 
springs are known from many parts of the world and it 1s 
obvious that many more must exist than have been detected. 

In further support of this explanation is the history of the 
water supply of the Santa Clara Valley at the south end of 
San Francisco Bay. Through overdraft upon the sands, ag- 





1A Suggested Explanation for the Surface Subsidence in the Goose Creek 
Oil and Gas Field, Texas, by L. C. Snider, A.A.P.G. Bulletin, July, 1927, 
p. 729. 
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gravated by a cycle of dry years, a former artesian basin was 

drawn down until the water table was several hundred feet 
below sea level in the wells supplying the City of Palo Alto. 
The writer? is informed that in several wells the water 
became salty and that the geologists were convinced the 
cause was sea water being drawn backward into the sands. 
The same thing is said to occur in wells on coral islands 
that are over-pumped. In wells drawing from the gravels 
in river valleys, the normal underground flow from the 
hills toward the river may also be reversed by overdraft 
upon the wells. 

The second instance of field evidence chosen for discussion 
is the settling of the ground overlying several of the Gulf 
Coast oil fields, notably at Goose Creek. It is stated that this 
settling cannot be accounted for by the small quantities of 
sand produced with the oil, but does it then necessarily follow 
that the settling is caused by compression of the oil sands? 
It must not be overlooked that besides the oil sands, four 
thousand feet of other formations have been penetrated by 
the drill whose contents can be vented to the surface outside 
the casing. Until the possibility has been disproved that the 
settling might have taken place in this thick mass of forma- 
tions, it is hardly warranted to assume that the settling 
originated thousands of feet underground in oil sands con- 
stituting but a small percentage of the formations pene- 
trated. 

Snider, in the article cited, discusses the occurrence and 
the previous literature and comes to the conclusion that the 
sands had become supersaturated with oil that had been 
sealed in the sand lenses and could not escape until drilling 
let out the excess fluid. His theory is not of sand compression 
but that the overburden actually rested on fluid. He con- 
siders other explanations, among them lateral expression of 
the surplus water in clays into the spaces behind the casing 
but rejects all other theories but the one given. 

To the writer, Snider’s case for his theory and his case 
against the other explanations, particularly expression of the 
water from the clays, is not convincing. However, it is un- 
necessary to elaborate upon reasons why one theory is favored 
as against another. The important fact is that a number of 
speculative explanations can be given and the evidence now 
available is entirely inadequate satisfactorily to prove or dis- 
prove any of them. Such instances, therefore, have no value 
in themselves as proof of sand compression. 

Of the other circumstantial field evidence, the writer has 
heard of none that is sufficiently established as a fact or, if 
so established, that cannot be as reasonably expla‘ned in some 
other manner. Where, as is frequent, there is insufficient 
evidence either to support or to disprove any explanation, 
one cannot logically take it into consideration. One may, 
however, test out a theory by logical deductions of what 
would follow were it a fact and the writer believes the 
proponents of the “Rock Pressure’ would have many difh- 
culties to reconcile their theory with field occurrences. 

But the case for or against “Rock Pressure” must finally 
stand upon the direct evidence from experiments com- 
petently performed under conditions fully comparable to 
those found in the oil fields. Hudnall cites references to 
tests, among others, on quartz, Ohio sandstone and un- 
cemented sands. 

The references to quartz, which is the predominant con- 
stituent of most sands, show it to be one of the least com- 


*Personal Communication from Prof. Weldon Crooks, Stanford University. 
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pressible of substances. The tests on Ohio sandstone show | 
a cemented sand of that character to be but slightly naa 
compressible than granite and wholly inconsequential a 
factor in the expulsion of oil. These references show that 
the substances composing sand grains are neither Compressible 
nor elastic to an important degree. They likewise show that 
Rock Pressure is not important in cemented sandstones and 
thus exclude from consideration all but the loose-sand fields, 

Two references of tests on uncemented sands are given 
one set by Van Tuyl and Beckstrom* and the other by 
Terzaghi.* These references show reductions of voidage of as 
much as one-third under mechanical pressures up to 3,375 
lb. per sq. inch. The difference between these results and 
the tests on cemented sands are very striking and are seem. 
ingly irreconcilable. 

All who have experimented with or familiarized them. 
selves with the literature on uncemented sands, recognize 
that, though seemingly simple, very careful technique must 
be observed or widely misleading results will be obtained, 
The conditions of the sands when deposited in the sea bottom 
must be known and the experiments must closely simulate 
these conditions, otherwise the results will not be quanti- 
tatively comparable. No tests should be accepted until it js 
known that the experimental technique was satisfactory, 

The first thing that must be observed in experimenting 
with sands is to tamp or shake them down very thoroughly, 
Most sands when poured loosely into a container will show 
porosities of 40 per cent or more but when well shaken dry 
or tamped wet, will reduce to porosities of 30 to 36 per cent. 
The greatest care must be observed in settling the sand to get 
a minimum porosity and whenever porosities approaching or 
exceeding 40 per cent are reported suspicion is justified that 
they were not thoroughly settled or that they were not nat- 
ural sands. The behavior of unpacked sands is quite different 
from packed sands; unsettled sands can readily be compacted 
by pressure. 

Nearly all oil sands were laid down in the sea-bottoms 
or in bars and beaches. The sand grains were transported 
in currents swift enough to shift the grains over the sea 
bottoms and when they finally came to rest, they were 
wedged in between other grains. It may be expected that 
they assumed a compaction at least equal to and probably 
greater than can be obtained in the laboratory by dry- 
shaking or wet-tamping. How solidly packed the grains 
were when deposited may be inferred from the fact that the 
highest automobile speeds have been made on the beach 
sands of Florida. 

The experiments by Van Tuyl and Beckstrom clearly 
do not simulate this condition. By personal communication 
it was learned that wet sand was merely pressed into the 
container and not tamped. Moreover, the tests were made 
in a section of 4-in. pipe with a wall thickness of only 3/16 
cf an inch, which would yield laterally under the prescures 
used, whereas, underground, the sands are held in all direc- 
tions by the overburden. For these reasons the Van Tuyl and 

‘The Effect of Pressure on the Migration and Accumulation of Petroleum, 
R. M. Van Tuyl and R. C. Beckstrom, A.A.P.G. Bulletin No. 10, Vol. 10, 
October, 1926, p. 917. 


‘Principles of Soil Mechanics, V Article, Engineering News Record, Vol. 
95, No. 23, p. 912. 
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Beckstrom experiments are quantitatively valueless as sup- 
porting evidence for Rock Pressure. 

The Terzaghi experiment was part of an elaborate and 
careful investigation of soils. The experiment cited by Hud- 
nall was conducted in a rigid container and the material 
was packed dry by pounding the sides. The packed sample 
had a porosity of 40.2 per cent, which was reduced to 33.3 
per cent at 1,280-lb. pressure; a loss of between 1/6 and 1/3 
of the original porosity. Upon periodic release of pressure 
during the test, the material would expand slightly, for exam- 
ple, when pressure was reduced from 850 Ib. to 14 lb. the 


porosity of the material increased from 35.6 to 36.6 per cent. 


At the end of the experiment, 4.6 per cent of dust was found 
in the sand pores. 

Though Terzaghi tapped his material and experimented 
in a container, which he says had rigid walls, he did not 
test natural sand but used fragments of crushed quartz 
pebbles. Such material resembles fine chat instead of natural 
sand. Terzaghi has a figure showing the particles. These 
differ decidedly from true sand in that they have sharp 
points, thin edges and concavities such as one would expect 
of a material like quartz that has conchoidal fracture. In 
natural sands, these sharp edges have been removed by the 
severe agencies of weathering, erosion and deposition, until 
many sand grains become rounded, polished pellets. Also 
weak and partly fractured grains will have been broken 
down and mostly eliminated before natural sands finally 
come to rest. Natural sands will pack to a much smaller 
porosity, the grains will wedge in more closely. Whereas the 
average porosity of natural sands is about 33 per cent, that 
of chat, powdered glass or quartz will be 40 per cent or more. 

It could not, therefore, be expected that the crushed 
quartz used by Terzaghi would give the same quantitative 
results as a true sand. The grains would be suspended on 
thin, weak edges, which would break under pressure. It 
could be expected that such material would show far more 
compaction but in spite of this, the material did not reduce 
to a porosity under the average for true sands. It is to be 
noted also that most of the reduction took place at the first 
few hundred pounds of pressure. 

There is also the question whether the conditions of the 
experiments fully simulated conditions underground. How 
sensitive the behavior of sand is to experimental conditions 
is illustrated by what Terzaghi refers to as the Classical 
Experiment of O. Reynolds, who tested sand held in a 
rubber bag. In one experiment the sand was dry, while in 
the other the sand was saturated with water. Whereas the 
bag of dry sand was readily deformed, the bag of wet sand 
had the rigidity of granite. Terzaghi’s explanation is that 
the pore spaces could not be reduced without compressing 
the water that filled them. 

It must be concluded that the experimental evidence cited 
by Hudnall has no quantitative value. Efforts of the writer 
to locate other pertinent references on experiments on com- 
pression of incoherent sands have been unsuccessful. It is 
evident that compression must be far less than Terzaghi 
found in his tests on fractured quartz and there seems little 
reason to believe it would be much more than for cemented 
sandstone. Quartz, the main constituent of sand, is not com- 
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pressible or elastic to any appreciable degree under the 
pressures found in our oil fields. The compression found by 
Terzaghi in his quartz fragments was apparently caused 
mainly by the breaking of the thin edges of the grains, thy, 
filling the pores with dust. Breaking these thin edges upon 
which the grains were suspended also allowed some teag 
justment in the position of the grains but to what extem 
could this occur in a material from which the points, thin 
edges and half broken fragments had been long since te. 
moved by the severe agencies of erosion and deposition in 
which only the strongest fragments survived? Microscopic 
examination of outcrops of sands that have been subjected 
not only to far greater overburden but also to mountain. 
making forces do not encourage the view of large quantita. 
tive changes. Reduction in porosity is caused by the filling of 
the interstices with mineral matter deposited from solution, 
Nor can it be postulated that the grains shift their Position 
and re-orient themselves to fit in together closer and thus 
reduce porosity. The grains are deposited keyed in and are 
held in position from all directions by overburden pressure, 
To turn them would be like turning a brick in a wall. 


But whatever compression may be found after a satis- 
factory series of tests, only a minor part can be assumed 
as available to account for reservoir pressures. Terzaghi has 
shown that most of such compaction as might take place 
would be in the first few hundred pounds and that reéx- 
pansion upon release of pressure would be slight. In deep 
sands, but a small part of the total compaction found by 
tests would take place after reduction of fluid pressures in 
the sand, for high pressure would have been on the sands 
before the fluid had been removed. Furthermore, most fields 
have in past geologic ages been under much greater over- 
burden, which has since been removed by erosion. 

Considering specifically East Texas, we have a field in 
which much of the sand is distinctly cemented. At the time 
the field was opened up the overburden pressure exceeded the 
hydrostatic pressure in the sands by approximately 2400 
Ib. per sq. inch. It is also a field from which considerable 
overburden has been removed by erosion and if this had 
amounted to but 500 ft., it would equal the average reduc- 
tion in fluid pressure that has occurred in the field so far. 
If 1600 ft. of formation had been eroded from over it, the 
loss of weight from this cause would be greater than when 
all the fluid pressure has been withdrawn from the sand. 
Even if we should accept Terzaghi’s results as being fully 
applicable to sands of the character found in East Texas, 
the amount of porosity reduction that would have occurred 
to date would be very small. 

Space will not permit discussion in detail of the objections 
raised by Hudnall against the theory of hydraulic flow in 
East Texas and other Woodbine sand fields. However, Bureau 
of Mines engineers and other reputable engineers have seen 
no difficulty reconciling the recoveries with the water move- 
ments. 

Unless evidence can be brought forward that will stand 
analysis better than that so far presented, the writer can see 
no justification for considering ‘Rock Pressure” as an im- 
portant factor in the recovery of oil and gas. 
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By CHARLES D. HAWLEY 


Assistant Director, Engineering Laboratory, 
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UTOMOBILE engines for 1934 are, on the average, 
about 4.4 per cent more powerful than for 1933 and 

are about 0.25 per cent larger. These two facts, of them- 
selves, do not seem particularly startling. We expect each 
year’s cars to be better than their predecessors; if they 
not, the automobile business probably would consist very 
largely of the manufacture and sale of replacement parts. 
However, when we consider the development that has been 
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made over a period of time great enough to discount minor 
fluctuations in the curve of progress, say the last five years, 
we may be somewhat surprised to find that the average 
automobile of today is about 37 per cent more powerful than 
the average in 1929 and that the increase in power has been 


taking place quite steadily from that time to the present. 


A curve to illustrate this is shown in Fig. 1, and its shape in- 
dicates that we may expect the automobile of 1935 and suc- 


ceeding years to be even more powerful than those of today. 


If we examine tables of engine specifications to determine 


what has been done since 1929 to make engines more power- 


ful, we find that they are somewhat larger, they have higher 


maximum-power speeds and higher compression ratios. 


Curves illustrating the progress of these three factors are 
shown in Fig. 2. It will be noticed that each has increased 
in the neighborhood of 11 to 13 per cent, but that they have 
not increased as steadily as has the average maximum horse- 


power. Displacement, for instance, was increased about six 


per cent for 1932 engines, but in the last two years has 
changed but very little. Maximum power speed has climbed 


quite steadily since 1931, and compression ratio increased 
very sharply for 1933 and again for 1934 models. 


To consider the effects of these factors separately, it is to 


be expected that, if the average engine in 1929 developed 


81.4 hp., an increase of 10.8 per cent in its size should 


cause a directly proportional increase in power, resulting in 


the development of 90.2 hp. Then, an increase of 11.2 per 
cent in the speed of this larger engine should produce a 
corresponding further increase in power, raising its output 


to 100.3. The engine now is larger than it was at first, it 
turns at higher speed, and it therefore develops considerably 
more power. Next, the compression ratio is raised from 5.06 
to 5.71. Theoretical considerations indicate that this should 
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Compression Ratio and Automobile 
Engine Performance 






result in a horsepower increase of 5.25 per cent, which 
brings the total horsepower expected for the average 1934 
engine to 105.6. As a matter of fact, however, the average 
1934 engine produces about 111.0 hp., so that this calculated 
figure is less than the power that actually is developed by an 
amount representing almost seven per cent of the power of 
the average 1929 engine with which we started. 

It would not have been particularly surprising if the 
actual performance of the new engine had turned out to be 
slightly less than calculations indicated that it should, but 
when we find substantially more power than was expected 
we may be certain that there has been some error in ei 
calculations or in the assumptions on which they are based, 
In this case the assumptions are at fault, since there js 
another important feature of engine design that contributes 
to power development, in addition to size, speed and com- 
pression ratio, but which was not taken into account. That 
factor is volumetric efficiency and, unfortunately, it is not 
even mentioned in the published tables of automobile en- 
gine specifications. However, it is improved volumetric ef- 
ficiency that has contributed the portion of the increase in 
horsepower output of the average engine, which is not ac- 
counted for by changes in size, speed, or compression ratio, 
and which may be depended upon to contribute further 
substantial increases in the future. 
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Fig. 2. Per cent increase in compression ratio, speed for 
maximum power, and displacement of the average Ameri- 
can passenger automobile engine since 1929 


Volumetric efficiency and compression ratio are two fea- 
tures of engine design that must be considered together, since 
each influences, to a very censiderable extent, the power 
output and fuel anti-knock value requirements of engines. It 
is quite possible, for instance, to have two engines of the 
same design and equal size operating at the same time and 
producing the same degree of knock on a given fuel, and 
yet one may have a very much higher compression ratio 
than the other. The reason is that the engine with the low 
compression ratio has a considerably higher volumetric eff- 
ciency than the other, that is, it takes in a greater quantity 
of air and gasoline on each suction stroke. This is illustrated 
in Fig. 3, which shows curves of compression ratio versus 
compression pressure for incipient knock of fuels of given 
octane number in a single-cylinder engine. Compression 
pressure (or volumetric efficiency) was adjusted by the sim- 
ple process of opening or closing the throttle. It might be 
noted that fuel of 64 octane number operated in this en- 
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gine with only incipient knock at 10 to 1 compression 
ratio. The explanation, of course, is that the charge admitted 
to the engine was throttled to such a low figure that pres- 
sures and temperatures high enough to cause any greater 
degree of knock were not produced. Another matter that 
may be of interest is the fact that compression pressure, of 
itself, provides no indication of the anti-knock fuel require- 
ments of engines. To refer again to Fig. 3, it is seen that a 
compression pressure of 93 lb./sq. in. produced incipient 
knock with fuel of 64, 70 or 76 octane number, depending 
upon the combinations of compression ratio and volumetric 
efficiency that were used. It seems probable that the increase 
in compression pressure for incipient knock on fuel of a given 
octane number with increase in compression ratio and decrease 
in volumetric efficiency is due to lower combustion chamber 
surface temperatures resulting from the smaller weight of 
charge and consequently smaller amount of heat supplied. 
Since it is possible to operate an engine at 10 to 1 com- 
pression ratio on fuel of 64 octane number with only in- 
cipient knock, it might occur to us to wonder why engines 
are not built that way. The answer, of course, is that there 
is no particular advantage to having 10 to 1 compression 
ratio; what is desired is power, and an engine with a very 
high compression ratio that is made to operate satisfactorily 
on fuels of low anti-knock value by reducing its volumetric 
efficiency is not very powerful. Data taken on a large multi- 
cylinder engine and plotted in Fig. 4 illustrate this fact. 
Compression ratios of 4.40 and 5.3 to 1 were used, and, in 
tests at the higher of these ratios, the volumetric efficiency 
of the engine was varied from 56 per cent to 85 per cent, 
so that the compression pressures correspondingly ranged 
from 84 to 126 lb./sq. inch. Complete data on the fuel 
anti-knock value requirements for the entire range of volu- 
metric efficiency and compression pressures were not taken, 
but it was found that incipient knock was produced at 85 
per cent efficiency with fuel of 80 octane number and at 
63 per cent volumetric efficiency with fuel of 74 octane 
number. The desirability of the first of these volumetric 
efficiency and fuel combinations, from a power standpoint, 
is evidenced by the curve of horsepower versus volumetric 
efficiency that is shown. It is interesting to note that 64 hp. 
was produced at a volumetric efficiency of 63 per cent, for 
which fuel of 74 octane number was necessary to prevent 
more than incipient knock, while 93 hp. (an increase of 
about 45 per cent) was produced when fuel of 80 octane 
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pression pres- . 


number made it possible to increase the volumetric efficien 

to 85 per cent, with the same degree of knock. This my 
gain of 7.5 per cent in power for each 1.0 octane ma, 
increase in anti-knock value of fuel. Perhaps even mem “ 
teresting, however, is the fact that a gain of over 33 .. 
cent in power was produced without requiring any nea 
in the anti-knock value of the fuel or in the engine size “ 
speed. This rather remarkable increase was attained by raisin 
the volumetric efficiency from 63 per cent to 85 per i 
as before and, at the same time, lowering the compression 
ratio from 5.3 to 4.4 to 1. 

Since lowering the compression ratio of an engine ang 
at the same time getting more power out of it is a Procedure 
that is not generally followed in the design of automobile 
engines, although it is not unknown in aircraft power plant 
design, it may be of interest to make some calculations to de. 
termine whether the foregoing results might have been pre- 
dicted. The engine at first had a compression ratio of 53 
to 1 with 63 per cent volumetric efficiency and a b.hp. out. 
put of 64, and it knocked very slightly on fuel of 74 octane 
number. The friction horsepower was 9.0, so that the horse. 
power actually produced in the engine cylinders was 73.9, 
the sum of the friction and b.hp. Then, the volumetric eff. 
ciency was increased to 85 per cent, that is, 85 parts of ait 
and gasoline were supplied for every 63 parts that had been 
supplied before. At the same time, the anti-knock value of 
the gasoline was increased to 80 octane number so that the 
higher pressures resulting from the compression of a greater 
amount of fuel-air mixture into the same clearance volume 
as before would not cause any greater knock. Since no 
change was made in the compression ratio of the engine, the 
efficiency of utilization of the greater amount of fuel should 
be the same as before, and an indicated hp. development of 


73.0 ; ‘ = 
ry < 85 = 98.5 is found. Subtracting the friction hp. of 


9.0 results in an expected b.hp. of 89.5, which is in fair 
agreement with the figure of 93.0 that actually was observed. 
It is probable that the developed hp. exceeded that which was 
calculated because heat and incomplete combustion losses did 
not increase in proportion to the increase in energy supplied. 

Next, maintaining the volumetric efficiency of 85 per 
cent, the compression ratio was lowered to 4.4 to 1, which 
permitted the use of fuel of 74 octane number again. To 
make an approximate calculation of the expected effect of 
this change on the power development of the engine, the 
efficiencies of theoretical Otto air cycles may be considered. 
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Continued from page 48 
Although, in actual engines, wire-drawing and leakage of the 
working gases, incomplete combustion, heat losses and other 
factors prevent the attainment of theoretical efficiencies, the 
relation of theoretical efficiencies for various compression 
ratios has been found to agree very closely with the relation 
of actual brake efficiencies of a given engine for the same 
compression ratios. Therefore, since the theoretical efficiency 


:, 1 \ K-1 ; 
of an ideal Otto air cycle is ( 1 (x) ) where R is the 


compression ratio and K is 1.4, the exponent for adiabatic 
compression and expansion, we find efficiencies of 48.6 and 
44.8 for compression ratios of 5.3 and 4.4, respectively. We 
should then expect the b.hp. of the engine with the high 
volumetric efficiency and lower compression ratio to be 


93 
——X 44.8, or 85.6. 
48.6 x 


The agreement of this figure with the value of 85.25 hp., 
which was observed, indicates the accuracy with which the 
results of changes in compression ratio may be predicted. 

It must be remembered that 
increases in hp. output that 
result from increasing the 
volumetric. efficiency of an en- 
gine differ very materially 
from power gains made by in- 
creasing compression ratio in 
that they result from the con- 


Figure 5 


THE EFFECTS OF VARIATIONS 
IN COMPRESSION RATIO AND VOL- 
UMETRIC EFFICIENCY ON THE 
FUEL CONSUMPTION OF A LARGE 
MULTICYLINDER ENGINE. 





of designing exhaust valves, pistons, cooling systems and 
spark plugs. The extent to which improvements in volu- 
metric efficiency will be utilized in the design of future 
engines will doubtless depend greatly on the extent to which 
these problems connected with the release of much higher 
heat quantities, together with the problems of designing 
suitable induction systems, can be met, as well as on the 
relative importance of power w:th respect to fuel economy. 

For the year 1934, there are many cars with standard com: 
pression ratios equal to or higher than the 6.0 to 6.5 to 
1 optional ratios for premium fuel that were available for 
a number of cars only five years ago, and some optional 
cylinder heads available today provide. compression ratios of 
7 to 1 or higher. Also, the volumetric efficiency of many 
engines has been appreciably raised in recent years, although 
the actual extent of this development can only be estimated 
from considerations of power, speed, displacement and com- 
pression ratio. The development of supercharging as a means 
of increasing the volumetric efficiency of production engines 
has perhaps been slower than 
was expected some years ago, 
but a supercharged car of 
medium price is being pro- 
duced this year, and it is cer- 
tain that its performance and 
its acceptance by the public 
will be watched with interest 
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thermal efficiency, rather than 
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greater thermal efficiency. This 
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by both petroleum and auto- 
mobile industries. In addition 
to increases in compression 
ratios and volumetric efficien- 
, cies of previous designs, such 








is illustrated to some extent by 
the fuel consumption data 
that were taken in the tests 
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just discussed and are shown 
in Fig. 5. It may be noted, for 
instance, that the total gaso- 
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block and head passages are 
being widely used or experi- 
mented with by the automo- 





pression ratio of 5.3 to 1 with 
a volumetric efficiency of 63. 
Then, when the volumetric 
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eficiency was increased to 85 
to raise the hp. output to 93, 
the total fuel consumption 
was increased to 51.9 lb. per 
hour. This represents a de- 
crease in specific fuel consumption, but one that is by no 
means as great as the increase in power. Then, when the 
compression ratio of the engine with high volumetric ef- 
ficiency was lowered to 4.4 to 1 to permit the use of fuel 
of lower anti-knock value, the total fuel consumption re- 
mained constant, thus making the specific fuel consumption 
increase in direct proportion to the decrease in power output. 

It is seen, therefore, that improvements in volumetric 
efficiency increase the power output of engines very sub- 
stantially, but that the total fuel consumption of necessity 
increases in direct proportion to the increase in volumetric 
efficiency. Also, when the compression ratio of an engine is 
lowered at the same time volumetric efficiency is raised, 
the gain in power is correspondingly lessened, but the 
total fuel consumption still depends directly on the volu- 
metric efficiency and therefore increases in direct proportion 
to it as before. It should also be pointed out that increases 
in volumetric efficiency increase the amount of heat passing 
through engines, thus rendering more difficult the problems 


£34) 
oe) 


60 


Specific Fuel Consumption - Pounds per BH.P Hour 
Total Fuel Consumption - Pounds per Hour 


May, 1934 


Volumetric Efficiency - Percent 


70 80 90 100 value, in order to develop 
maximum power for a given 
engine weight and speed. 

For the future, if engine 
power is substantially increased over present values, and 
there is as yet no indication that the public desire for 
power is approaching a maximum, it must be provided by 
increases in displacement, speed, mean effective pressure, or 
combinations of these factors, and it seems probable that the 
last two will be depended upon to the greatest extent. The 
larger, and consequently heavier, engine is likely to find favor 
only about in proportion to the market for larger and heavier 
cars, since it contributes little, if anything, to increased car 
performance. Further substantial increases in engine speed 
will doubtless be made also, but the problems to be en- 
countered in this connection become increasingly difficult 
as the speeds become greater. It is to be expected, therefore, 
that the possibilities of higher compression ratios and im- 
proved volumetric efficiencies will be exploited to the limit 
imposed by the anti-knock value of available fuels, in the 
development of the improved performance that the motor- 
ing public will expect of the automobiles of 1935 and suc- 
ceeding years. 
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A BLOW-OUT MAY 


COME ANY DAY... 


PLAY SAFE! 
BAROID 





PREVENTS BLOW-OUTS 


BLOW-OUT means loss of expensive 
Fptoeteainearleneooronra human life. 
Destructive fire often follows! 


Guard your drilling investment against dis- 
aster by using BAROID —the proven mud- 
weighting material that provides an adequate 
factor of safety to keep your well under con- 
trol at all times. 


AQUAGEL CEMENT 
Use AQUAGEL as an admixture with ce- 


ment to insure a uniform, water-tight, plastic 
concrete for setting casing, filling crevices, 
restoring circulation and controlling high- 
pressure water encountered in fractured 
formations. 

OTHER BAROID PRODUCTS 


e MUD SCREENS: For Removing Cuttings and Abra- 
sive Material from Drilling Mud. 


e STABILITE: A Chemical Mud Thinner. 
Stocks Carried and Service Men Available in all Oil Fields 


Send your name and address for our publication “Drill- 
ing Mud.” Each issue contains valuable mud data. 


BAROID SALES CO. 
LOS ANGELES @ HOUSTON 


National Pigments & Chemical Co. 
St. Louis 
See Our Exhibit at 


THE INTERNATIONAL PETROLEUM EXPOSITION 
TULSA, OKLAHOMA— MAY 12-19 














52 


| May 9-11, R. C. Alden, chairman of the Technical Co 


Annual Report Technical 
Committee of Gasoline 
Association 


the thirteenth annual convention of the Natury| 


Gasoline Association of America, held in Tulsa, Okla. 


mittee, made the following report: ” 

The principal activity of the committee during the yey 
was a continued study of the minor discrepancies which 
occur in the use of the Reid vapor pressure method, During 
the year the committee reviewed all of the available inform. 
tion and came to the conclusion that, except for some yery 
minor points, the only flaw in the method was due to variable 
air saturation of the gasoline sample prior to the test. Even 
this error was of no great significance in the case of products 
of relatively high vapor pressure. An extensive series of tests 
was made to investigate this factor. 

Since the errors were slight in respect to most natural gaso- 
line products, but might be significant in the application of 
the method to motor fuels, the committee reported its find- 
ings to Sub-Committee XXII of A.S.T.M. Committee D-2, 
The committee’s hope was:that sufficient interest would be 
stimulated among motor fuel manufacturers so that they 
would conduct the necessary experiments to determine 
whether the method needed further modification before it 
could be applied to motor fuels as a standard test. 


Committee D-2 instructed its sub-committee to continue 
its investigation for another year. Instructions were given to 
the sub-committee to determine whether or not the descrip- 
tion of the method could be written more carefully so as to 
avoid misinterpretations which had caused many difficulties, 
and to be prepared to make recommendations in respect to the 
air solubility factor in the testing method. The first phase of 
this work is in progress and plans are being made in respect 
to the second phase. 

During the past year considerable interest has been mani- 
fest in the vapor lock problem by refiners. The vapor lock 
work, sponsored by the association and done by the Bureau 
of Standards last year, was largely responsible for arousing this 
interest. An important factor here was the growing realiza- 
tion among refiners that butanes produced in cracking were 
available in large quantities and could not be used in motor 
fuels because of improperly designed automotive fuel systems. 
A strenuous effort, led by refiners, is now under way to enlist 
the codperation of the automotive industry toward creating 
motor fuel markets for butane. 


In this connection two papers will be delivered at the A.P.. 
meeting at Pittsburgh later in the month, one by Wm. Men- 
dius of Sinclair Refining Company, and the other by the 
writer. At the June A.S.T.M. meeting there will be a sym- 
posium on the subject of vapor lock, in which Dr. Brown will 
take the leading part in presenting the conclusions of all of 
the available investigations. The problem will be interpreted 
from both the automotive and petroleum viewpoints. 


An outstanding fact which has developed from the discus- 
sions on vapor lock to date is that there is enough butane to 
constitute 20 per cent of the motor fuel supply. 


With the uncertainties that still prevail in the industry tt 
is a little difficult to suggest programs for the future. When 
we have returned to a more optimistic frame of mind there 
will be many important projects which deserve the attention 
of your Technical Committee. For the present it seems neces- 
sary to mention only the importance of keeping active the 
two major projects which are in progress. 
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PROGRAM 


International Petroleum Exposition and 


Congress 


TULSA, OKLAHOMA 


OPENING DAY OF EXPOSITION 
SATURDAY, MAY 12th 


Directors of the Day: Clyde Alexander, J. Edgar Pew, S. A. Guiber- 
son, E. R. Filley, Ernest H. Cornelius, Joseph R. McGraw, Ed. 
H. Salrin, A. E. Bradshaw, George A. Dye. 


In Honor of: California, Los Angeles; Pennsylvania, Oil City, Brad- 
ford, Titusville, Franklin; University of Tulsa Petroleum School 
Day; Chemists’ Day. 


10:00 A.M. Exposition Gates will open to the World’s Fair of the 
Oil Industry. 


10:00 A. M. Meeting of young oil students from all over the world 
at the University of Tulsa School of Petroleum Engineering. 
Dr. R. S. Knappen of the American Association of Petroleum 


Geologists and N. V. Vannikoff of the U. S. S. R. will ad- 


dress the students. 


2:00 P.M. Opening ceremonies of the International Petroleum 

Exposition. 

Band Concert. 

W. G. Skelly, President 

Invocation, Dr. George McDonald 

Address of Welcome, Hon. T. A. Penny, Mayor. 

Remarks: Hon. Axtell J. Byles, President, American Petro- 
leum Institute and J. Edgar Pew, President of the Sun Oil Co. 


3:00 P. M. Register of Delegates from Foreign Countries at Ex- 
position Office. 

4:00 P.M. Register of “Old Timers” of the Petroleum Industry 
in Replica of Old Drake Well. 

6:00 P.M. Oklahoma Section of the American Chemical Society 
Special Meeting at Sinclair Pennant Tavern. 

8:00 P. M. American Institute of Mining & Metallurgical Engi- 
neers, Meeting at University Club—Dr. E. A. Stephenson of the 


Mississippi School of Mines will speak on “Basic Data for Oil 
& Gas Well.” 


SUNDAY, MAY 13th 


Directors of the Day: R. C. Sharp, John M. Egan, H. V. Foster, 
D. F. McMahon, R. H. Bartlett, O. T. Dawson, Walter Gray, 
J. H. Brooks, Clyde Pape. 

In Honor of: Montana, Great Falls, Billings; New Mexico, Gallup, 
Roswell, Carlsbad; Ohio, Findlay. 


1:00 P.M. Exposition Gates Open. 


3:00 P.M. Demonstration of old method of drilling in front of 
Old Drake Well. 


6:00 P.M. Annual Sunday Concert. 


8:45 P. M. Demonstration of Extinguishing of Blazing Oil & Gas 
Well Fire by M. M. Kinley before the Grand Stand on Exposi- 
tion Grounds. 


MONDAY, MAY [4th 


Directors of the Day: W. M. Bovaird, Jacob France, Robert F. Gar- 
land, William Holden, Walter Miller, J. Burr Gibbons, Warren 
C. Platt, Harry J. Morlang, Fred W. Insull. 


In Honor of: Kansas, Wichita, Eldorado, McPherson; Texas, Mid- 


May, 1934 


land, Amarillo, Houston, Ft. Worth, San Antonio, Kilgore, Tyler; 
West Virginia, Sistersville, Clarksburg. 

9:00 A. M. Exposition Gates Open. 

9:30 A.M. Opening Session of the Petroleum Division of the 
American Society of Mechanical Engineers, Hotel Tulsa. 


Refining Session 


“Retiring Thickness of Oil Refining Equipment,” F. L. New- 
comb, Standard Oil Development Co., Elizabeth, N. J. 

“Application of Fouling Factors in the Design of Heat Ex- 
changers,” E. N. Seider, Foster Wheeler Corp., New York. 

‘“Heat-Transfer Rates on Condensing, Reboiling and Miscel- 
laneous Heat Exchange Service,” Max Higgins, The Texas Co., 
New York. 

“Friction in Baffled Tube Bundles,” T. F. Stack, Gulf Re- 
fining Co., Port Arthur, Texas. 

12:15 P.M. Civic Clubs. 
2:00 P.M. A. S. M. E., Afternoon Session, Hotel Tulsa. 

“The Use of A. S. T. M. Temperature-Viscosity Charts for 
the Blending of Lubricants,” J. P. Calderwood, Kansas State 
College, Manhattan, Kansas. 

“Petroleum Fuels and Combustion Data,” O. F. Campbell, 
Sinclair Refining Co., E. Chicago, Ind. 

“The Design of Radiant Head-Absorbing Section of Pipe Still 
Coils,” Charles E. McCulloch, Foster Wheeler Corp., New York. 

8:45 P. M. Pageant, “History of Oil,” with cast of 500 depicting 
the story of the Petroleum Industry from Biblical Times to the 
present, in Pavilion on Grounds. 


TUESDAY, MAY [5th 


Directors of the Day: Frank R. Billingslea, R. S. Ellison, B. E. Hor- 
rigan, W. J. Morris, Waite Phillips, E. B. Reeser, Earl Sneed, 
H. C. Wiess, F. O. Prior. 

In Honor of: Louisiana, Shreveport, Monroe; Wyoming, Casper; 
Kentucky, Bowling Green, Ashland, Owensboro. 

8:00 A. M. Exposition Golf Tournament Opens at Tulsa Country 
Club, A. M. Bowman, Chairman. Eighteen Hole qualifying 
rounds to determine members of flights for match play, sixteen 
each flight. 

9:00 A.M. Exposition Gates Open. 

9:00 A.M. A. S. M. E. Program continues at the Hotel Tulsa. 


Production Session 


“Air-Gas Compressor Characteristics,’ J. P. Klep, University 
of Oklahoma, Norman, Oklahoma. 
“Dynamometers for the Study of Pumping Problems,” Blaine 


B. Wescott, Gulf Research & Development Corp., Pittsburgh. 
12:15 P.M. Young Oil Executives entertained by Junior Chamber 

of Commerce at Luncheon in Main Dining Room, Tulsa Bldg. 
2:00 P.M. Afternoon Session, A. S. M. E., Hotel Tulsa. 

“Gas-Electric Prime Movers for Rotary Drilling,” D. M. Me- 
Cargar, Allis-Chalmers Mfg. Co., Tulsa. 

“Oil-Field Rotary Pumps and Recent Developments,” R. J. S. 

Piggott, Gulf Research & Development Corp., Pittsburgh. 
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Production Session—Continued 


An additional paper and informal discussion are planned for 
this session. 

Excursion for Transportation Men. Inspection of Stanolind 
Pipe Line Company’s Station at Hominy, Oklahoma, leaving 


Hotel Tulsa at 1:30 P. M. 


7:30 P.M. Purchasing Agents Association Meeting, Chamber of 
Commerce Room, 4th Floor Tulsa Building. 
Principal Speakers: Major Stiles M. Decker, representing the 
N. R.A. Administration in discussing the Supplier’s Code, as- 
sisted by: G. A. Tompson, Purchasing Agent of the Empire 
Companies at Bartlesville, who presents the Buyer’s View of the 
Code. 
O. E. McClatchey, Vice-Chairman of the Oil Companies Buy- 
er’s Group will preside at the meeting. 
8:45 P. M. Pageant, “History of Oil,’ with cast of 500, depicting 
the story of the Petroleum Industry from Biblical Times to the 
present, in Pavilion on Grounds. 


WEDNESDAY, MAY 16th 


Directors of the Day: Wirt Franklin, W. G. Skelly, Ralph B. Pring- 
le, J. S. Sidwell, R. C. Holmes, Ray L. Dudley, Wm. L. Con- 
nelly, J. P. Flanagan, Walter Fleming, O. C. Staples. 

In Honor of: Oklahoma, Oklahoma City, Seminole, Drumright, Glen- 
pool, Cushing, Fairfax; Mississippi, Jackson; New York, Olean, 
Corning. 

8:00 A.M. Golf Tournament, First round matches in all flights, 
eighteen holes. 


9:00 A. M. 
9:00 A. M. 


Exposition Gates Open. 
A. S. M. E. Program continutes at Hotel Tulsa. 


Transportation Session 


“Selection of Economic Electric Motor Equipment for Pipe- 
line Pumping Stations,” W. H. Stueve, Oklahoma Gas & Electric 
Co., Oklahoma City. 

“Major Repairs of Diesel Engines,” J. B. Harshman, Stanolind 
Pipe Line Co., Tulsa. 

12:15 P.M. Special Meeting of Rotary Club for 
Guests at Hotel Tulsa. 

2:00 P.M. Annual Meeting of the Board of Directors of the Gen- 
eral Association of the Mid-Continent Oil & Gas Association, 
309 Tulsa Building. 

2:00 P.M. Afternoon Session of the A. S. M. E., Hotel Tulsa. 

“Fluid-Meter Research of Flow of Oil Through Orifices, Flow 
Nozzles and Venturi Throats,” W. H. Carson, University of 
Oklahoma, Norman. 


International 


“Equivalent Lengths and Diameters,” W. G. 
lind Pipe Line Co., Tulsa. 


6:30 P.M. General Association of the Mid-Continent Oil & Gas 
Association Annual Banquet will be held in the Crystal Ballroom 
of the Mayo Hotel. The toastmaster will be the President of 
the General Association (J. D. Collett, Independent Operator of 
Ft. Worth, Texas) and the assistant toastmasters will be the 
President of the Kansas-Oklahoma Division (E. R. Filley, The 
Texas Company, Tulsa), the President of the Texas Division 
(E. T. Moore, President, Simms Oil Co., Dallas) and the Presi- 
dent of the Louisiana-Arkansas Division (J. R. Crawford, In- 
dependent Operator, Shreveport, La.) 

8:45 P. M. Pageant. “History of Oil,’ with cast of five hundred, 
depicting the story of the Petroleum Industry from Biblical 
Times to the present, in Pavilion on Grounds. 

8:45 P.M. Demonstration of Extinguishing Blazing Oil and Gas 
Well Fire by M. M. Kinley before the Grand Stand on Exposi- 
tion Grounds. 


Heltzel, Stano- 


THURSDAY, MAY 17th 


Directors of the Day: W. S. Farish, A. F. Bourne, Henry L. Phil- 
lips, P. M. Miskell, Frank J. Hinderliter, Rush Greenslade, W. 
S. Fitzpatrick, F. D. Bostwick, E. J. Bullock, J. H. Satterwhite. 

In Honor of: Illinois, Casey, Robinson; Michigan, Muskegon; 
Independent Petroleum Association of America Day. 


8.00 A.M. Golf Tournament, second and third round matches in 
all flights, eighteen holes. 
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9:00 A. M. A. Ss. M. E. Inspection Trip of Oklahoma City Field 
and University of Oklahoma Experimental Engineering Lab. 
oratories, Norman, Oklahoma. Leave from Hotel Tulsa, 

9:00 A. M. 

9:30 A.M. 


Meeting. 


Exposition Gates Open. 
Sixth Mid-Continent Oil and Gas Association Safety 


10:00 A.M. Mid-Year Meeting of the Independent Petrol 
sociation of America at Mayo Hotel. om de. 


Membership Meeting 


“Production Under the Code,” C. F. Roeser, Vice-Pre 
Planning and Co-ordination Committee. 
“Marketing Under the Code,” B. L. Majewski, Member of the 


Planning and Co-ordination Committee. 


sident, 


“Refining Under the Code,” Paul G. Blazer, Ashland Refin. 
ing Co., Ashland, Kentucky. 

“Problems of Stripper Well Operators Under the Code.” W 
J. Brundred, Oil City, Pennsylvania. ; 

12:15 P.M. Civie Clubs. 

12:30 P.M. Dinner for “Old Timers” at Restaurant on Grounds 
under Barney Horrigan, Chairman of Old Timers Committee, ’ 

1:30 P. M. Sixth Mid-Continent Oil and Gas Association Safety 
Meeting continued on the Exposition Grounds. . 

2:00 P.M. Independent Petroleum Association of America Dj. 
rectors and Executive Committee Meeting, Mayo Hotel, 

3:30 P.M. Awarding of Medal to the “Grand Old Man of the 
Oil Industry” at the “Old Timers” Meeting, at Replica of Old 
Drake Well. 

4:00 P. M. Celebration of Diamond Jubilee of the Petroleum In. 
dustry in front of Replica of Drake Well with Titusville, Pa, 
delegation officiating. 


8:45 P. M. Oil Capitol Horse Show. 


FRIDAY, MAY 18th 


Directors of the Day: R. E. Day, R. O. Dietler, C. P. Dimit, Henry 
Greis, A. W. Leonard, C. Morris, Roy B. Jones, F. B. Parriott, 
T. R. Weymouth, A. W. Peake. 

In Honor of: Official Safety Day, Marketer’s Day. 

8:00 A.M. Golf Finals. 

9:00 A.M. Exposition Gates Open. 


9:30 A.M. Mid-Continent Petroleum Safety Council Safety Meet 
under direction of G. O. Lockwood, Chairman of Executive Com- 
mitee of First Aid Contest. 

9:30 A.M. Meeting of Marketers, Jobbers and Dealers with Re- 
finers in Special Meeting at Hotel Tulsa. 

12:15 P.M. Chamber of Commerce Weekly Meeting, Tulsa Build- 
ing, Visitors Welcome. 

2:30 P.M. Open Forum under Auspices of Scientific and Techni- 
cal Committee of the International Petroleum Exposition at the 
Mayo Hotel, W. A. Schlueter, Chairman. 

8:45 P. M. Oil Capitol Horse Show. 


SATURDAY, MAY 19th 


Directors of the Day: P. D. Hayes, W. A. Schlueter, Clarel B. 
Mapes, Alf G. Heggem, E. J. Nicklos, J. M. Hayner, Harry H. 
Rogers, William D. Morrer, Hugh Stalcup. 


In Honor of: Colorado, Denver; Arkansas, Eldorado; Refiner’s Day. 
9:00 A.M. Exposition Gates Open. 


9:30 A.M. Meeting of Marketers, Jobbers and Dealers with Re- 
finers in Special Meeting at Hotel Tulsa. 


9:30 A.M. The American Association of Petroleum Geologists, 
Research Committee, Donald C. Barton, Chairman, will hold a 
special meeting on the fourth floor of the Chamber of Com- 
merce Building. 

The Research Committee of the American Petroleum Institute, 
The Tulsa Geological Society, The Stratigraphic Society of Tulsa, 
The Oklahoma City Geological Society. 

The above listed associations are co-operating with the Amer- 
ican Association of Petroleum Geologists in this meeting. 

Subject: “Geological Changes in Petroleum Reservoirs 

Affecting Recovery.” 


8:45 P. M. Oil Capitol Horse Show. 
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AXELSON MANUFACTURING COMPANY 
Sucker Rods, Pumps (Working Barrels) 


BEAUMONT IRON WORKS COMPANY 
Drilling-Pumping Equipment 


DONOVAN BOILER WORKS 
"Oil-Country" Boilers 


JONES & LAUGHLIN STEEL CORPORATION 


Tubular Goods, Casing—Line Pipe—Tubing—Boiler and 
Still Tubes 


LINEAR PACKING COMPANY 
A Type for Every Requirement 


NATIONAL TRANSIT PUMP & MACHINE COMPANY 


National Transit Pumps 


JOSEPH REID GAS ENGINE COMPANY 
Gas-Oil Engines, Single and Twin Types, Bandwheel Powers 


REPUBLIC RUBBER COMPANY 
Mechanical Rubber Goods, Belting, Hose, Etc. 


JOHN A. ROEBLING'S SONS COMPANY 
Wire Lines and Welding Wire 


WALWORTH MANUFACTURING COMPANY 
Fittings, Valves, Tools 


WHITLOCK CORDAGE COMPANY 
Manila Cordage 





A cordial invitation is extended to men of the Oil and Gas 
I ndustry visiting ae 


8th INTERNATIONAL PETROLEUM EXPOSITION 


to make our booths Nos. 83-84, 127-128 in the Oklahoma 
Building their Ex position Headquarters. A desk and telephone 
will be available for their convenience. Also to visit our Gen- 
eral Offices at 108 North Trenton. 


Frick=-REIp SupPLyY CORPORATION 








7] Pittsburgh, Pa. 


May, 1934 


Tulsa, Okla. 
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...This is a helpful hint, how to make wire rope last longer. 

Know your Subsequent Wickwire Spencer advertisements in this pub- 
Ropes lication will give other dollar saving information. Tell us 
about your rope problem and we will give you the answer. 





The internal parts of Wire 
Rope move one against another 
whenever the rope passes over 
a sheave or winds on a drum. 
Each wire rotates around its own 
axis and all wires min- 
utely slide by each 
other. Internal wear 
can only be minimized 
by proper lubrication. 
Without it there is ex- 





and grooving which result in 
premature failure. During man- 
ufacture W ickwire Spencer rope 
is thoroughly lubricated both 
inside and outside. If a hemp or 





other fibre core is used, it is 
impregnated with suitable lu- 
bricant. But service eventually 
consumes the initial lubrication. 
Frequent use of the oil can will, 
therefore, result in greatly in- 
creased rope life. 

& 
WICKWIRE SPENCER STEEL 
COMPANY, 41 East 42nd Street, 
New York City; Buffalo, Chicago, 


Warehouses: Portland, 
Los Angeles, Seattle. 


Detroit, Philadelphia, 
Tulsa, Worcester; 
f] [2 [= @ [> fe Pacific Coast Head- 
quarters: San Francisco; 


a, Export Sales Dept. 
cessive friction, binding y Wi . Sp New York City. 











el 


BOTH...STANDARD LAY AND WISSCOLAY PREFORMED. 


Wickwire Spencer manufactures all sizes and types of Wire Rope in stand- 


~ 
iy \ ard lays and preformed. Wisscolay preformed wire rope will often solve a 
) ‘ . . . ° . 
* } wireropeapplication difficulty. Ask our engineers where and when itshould 
Sri 


S/S  beused. Send for a free WIRE ROPE BOOK. It will prove of great value. 
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Elements of Applied Production 


By K. C. SCLATER 


Wells Produced by Mechanical Means 
(Continued) 


ELIABLE data regarding well conditions are essential in 
designing a tubing flow string for a gas-lift well. It 
was pointed out last month that the submergence should be 
sufficient to permit a working submergence of at least 16 
per cent at the maximum desired rate of production. If less 
than this, inordinately high gas-oil ratios will result and 
might, if the well is deep, render the method uneconomical 
on account of prohibitive gas-compression costs. It is to be 
noted, however, that considerations other than that of me- 
chanical efficiency might enter to justify using the gas-lift 
at submergences less than 16 per cent. For example, an ample 
supply of high-pressure gas may be available from near-by 
wells in the field, or from a near-by natural gasoline plant. 
In the latter case, the compression costs at the gasoline plant 
would be partly offset by revenue from gasoline extracted 
from the recycled gas. When such considerations enter, sub- 
mergence would not necessarily be a controlling or a limiting 
factor in the adoption of the gas-lift, for even though 
mechanical efficiency of the gas-lift installation might be 
absurdly low, the operation of the gas-lift overall may still 
be economical and desirable. 


If the rate of flow into the well and other conditions per- 
mit, fluid-level readings should be taken and the information 
used in plotting a “fill-up” curve* of the well. 

Fluid-level readings are taken by swabbing or bailing the 
well to the lowest level practicable, then observing at suitable 
time intervals the rate at which the fluid rises in the hole. 
This latter can be done by running a bailer, or by running a 
light float on a measuring line and reel.*® 


From the fluid-level readings and the diameter of the hole 
or casing the rate of flow into the well can be calculated. By 
taking these results and plotting time against fluid-level rise 
(in ft.) and rate of flow (in bbl.), a “fill-up” curve for the 
well can be drawn. From this curve the rate of flow into the 
well at different depths of submergence can be estimated. 
The curve will thus serve as a useful aid in determining the 
depth at which the bottom of the flow string should be set. 

It is frequently impossible to determine the fluid level in 
an oil well in the manner just mentioned, as will be explained 
presently. By not being able to measure the fluid level, sub- 
mergence becomes rather obscure. It can be definitely ascer- 
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EQUIPMENT AND 
OPERATION OF 
OIL WELLS = (Continued) 


tained, however, by subsurface pressure measurements in the 
well. Indeed, subsurface pressure readings are to be preferred 
to fluid-level measurements for estimating submergences, for 
they can be used directly in flow calculations. 

Although the principles of the gas-lift as used in oil wells 
are the same as those employed in the air-lift of a water well, 
the conditions in an oil well are not so stable, and by no 
means so simple, as in a water well. Submergence is definite 
and easy to understand in a water well, but in connection 
with the gas-lift in an oil well it gives rise to confusion. 

Water wells, except those of artesian flow, usually have a 
definite water level when idle and a definite working water 
level for each rate of flow when in operation. Steady condi- 
tions such as prevail in a water well are seldom found in an 
oil well except in settled fields in which either the gas has 
been depleted or a water-drive is the dominant source of 
power driving the oil through the sand and into the hole. 
Gas in solution or associated with the oil may cause surging. 
Even when an oil well is open and not producing, gas may 
cause the fluid level to fluctuate violently and the density of 
the fluid column to undergo rapid changes. Fluid levels in 
such wells, even were it practicable to take them, would 
have little meaning unless the density of the fluid column 
throughout were known. 


A well on gas-lift, being packed off at the casinghead, 
may, when produced through the tubing, build up a pressure 
in the casing, thus causing a change in the fluid level. The 
fluid level, depressed under pressure, may be quite different 
from the fluid level when the well is open. Fluid level and 
submergence in gas-lift wells where gas is present in any 
volume must therefore be ascertained and thought of in 
terms of subsurface well pressure. 


Thus it is that in lieu of fluid levels, subsurface well- 
pressure readings should, if possible, be obtained in surging 
wells. 
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The volume of gas present with the oil in the bottom of 
the hole should be ascertained in order that the volume of 
input gas required for gas-lift may be estimated. Where fluid 
levels cannot be obtained the rate of oil flow into the hole 
should be estimated by bailing or swabbing the well to the 
lowest level practicable and observing the rate at which the 
bottom-hole pressure builds up. From the amount of oil 
bailed or swabbed from the hole, the time factor, and the 
pressure increase, an approximate estimate of the average rate 
of oil flow into the hole can be made. This information is 
similar to that obtained by the “fill-up” curve in smaller 
wells. 

A well may be so gassy, its rate of oil flow into the hole so 
great, or its fluid level so high, that some other means will be 
necessary to ascertain the well’s producing capacity. If a 
well of this type has been producing by natural flow, pro- 
duction records should be available regarding its producing 
capacity. If this information is not available and the well 
has been flowing through tubing it might be given artificial 
aid by gas injection or other suitable means and measure- 
ments made on bottom-hole pressure and the volume of oil 
and gas at different rates of flow. Such a method is similar 
to that of obtaining the productivity factor*’ in a flowing 
well. The productivity factor of a well is a measure of its 
capacity to produce and is defined as the rate of production 
per unit of pressure drop at the face of the sand while the 
well is flowing. In other words, if a well at zero flow had a 
pressure at the face of the sand of 800 lb. and, while flow- 
ing at the rate of 250 bbl. a day, a pressure of 750 lb. at 
the face of the sand, the productivity factor would be 5 bbl. 
per day per one Ib. drop in pressure at the face of the sand. 
This information, it will be observed, is also similar to that 
obtained by the “‘fill-up” curve in small wells. Well condi- 
tions make it necessary to obtain the information by these 
different methods. 

These, in brief, are the methods of determining the ca- 
pacities of different types of wells in preparation tor the gas- 
lift. Additional information should be obtained regarding 
such items as the character of the oil and gas, viscosity and 
gravity, relative volume of gas to oil, pressure of sand or 
water in the oil, tendency to deposit paraffin, tendency of oil 
to form emulsion (if water present), and any peculiarities in 
the flow of the well, such as irregularities due to free gas in 
the sand. All available information of this type should be 
carefully gathered, if at all possible, and given close study 
preparatory to designing the tubing flow string. If the in- 
formation thus compiled is reasonably accurate the matter 
of design will be much simplified. 


The exact nature of the flow of oil and gas mixtures in 
long vertical flow columns—such as the tubing flow string 
of an oil well, for example—is still imperfectly understood. 
Exact data are not yet available to design a flow string with 
mathematical accuracy. The matter of tubing design is still 
more or less a matter of close approximation. Regardless of 
this fact, however, with experience, care in the selection of 
data and accurate information regarding well conditions, a 
reasonably efficient tubing flow string can be designed for 
almost any type of well. 


Tapered Tubing. It is in small wells with a low fluid 
level and having little gas that the design of a tubing string 
becomes important. Large wells that have gas in appreciable 
amounts are less of a problem to make flow satisfactorily, 
hence the matter of tubing design in such wells is less crit- 
ical. 

In the design of tubing flow strings for small wells, where 
the conditions for flow by gas-lift are critical, the use of 
tapered tubing has been resorted to as a refinement. Such a 
refinement is based on the assumption that a greater efficiency 
of flow is obtainable with a tapered string than with a 
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straight string of tubing. Theoretically, a tapered string ; 
more efficient than a straight string, but the dilcomnce 7 
efficiency may not be sufficient to be of practical valye or 
worth the consideration sometimes given to it. Experimental 
evidence indicates that even when the design of a tapered 
string is based on sound principles and on accurate informa. 
tion regarding well conditions, the increase in efficiency over 
a tapered string is small.*® 

In a recent paper discussing the merits of tapered flow 
strings, further experimental evidence, both theoretical and 
practical, is submitted that indicates the difference in sy. 
periority of tapered flow strings over straight flow Strings 
cannot be very great.** In the face of the evidence present- 
ed'*» ** it is questionable whether the difference in efficiency 
under average well-operating conditions is great enough to 
be capable of accurate comparison. 

Field records show that successful results are obtained with 
tapered tubing in some cases,”” and in other cases the results 
are quite the reverse. The same can also be said of the use of 
straight tubing in a well. 

Unsuccessful results, whether with tapered or straight tub- 
ing, can often be put down to faulty design, which in turn 
may be due to inaccurate or insufficient information regard- 
ing the well. What success does result will depend in large 
part on the care exercised in design. 


An interesting and successful method of designing small 
tapered flow strings of tubing is that developed and employed 
by Hawkins.” It is given here because of its adaptibility to 
many similar types of wells in old fields where the well con- 
ditions are critical. 


The design was for a group of small wells, 2500 ft. deep, 
in an old field. The range of the average daily production of 
these wells was from five to 25 bbl. of oil of 35 deg. gravity 
A.P.I. The reservoir pressure was 450 Ib. per sq. inch. All 
the wells were being pumped from a central power and 
could be pumped off easily. 

Careful tests were made to ascertain the gas volume pro- 
duced while the wells were pumping. Tests were run at vari- 
ous pressures with the wells pumped down, the pressures 
being controlled at the casinghead by small bleeder valves. 
The first test was made at the minimum pressure required 
for flow as obtained from the formula: 


SEL 
where, 
P = the minimum pressure 
D = the depth of the well 
n= 
In this case, for a well 2500 ft. deep and producing oil of 


35 deg. gravity A.P.I. the minimum pressure required for 
flow is: 


the head for a given specific gravity of fluid. 


-115 Ib. per sq. in. 


Three or more tests were made at successively higher pres- 
sures at 25-lb. intervals and a curve of the resulting data 
plotted. 

In making the tests no readings were taken until the flow 
conditions in the well were steady. When this condition was 
reached the volume of gas was measured and observations 
made of the pressure and flowing conditions in the well. In 
this manner the volume of gas produced by the wells at the 
pressure necessary to flow them was ascertained. Details re- 
garding the procedure followed in the field are fully described 
in reference*® and will not be gone into here. 

A set of velocity-pressure curves were drawn for various 
sizes of tubing of less than 2-in. diameter. These were plotted 
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WITH CHEAP ELECTRIC POWER 


IN EAST TEXAS 


Have you ever really dug into the facts about pumping 
with electricity in East Texas? Electric power is cheaper and 


more efficient . . . but do you know it? 


You have depreciation, interest on investment, taxes and 
insurance to compute on any equipment. Electric pumping 
units can be bought and installed for much less than any other 
kind. The difference between fixed charges on an electric 


motor and an internal combustion engine for pumping the 


same well will MORE THAN PAY FOR THE ELECTRICITY 
REQUIRED TO OPERATE THE ELECTRIC MOTOR! 


It costs nothing to investigate . . . to compare facts. Why 
don't you? ‘Phone, wire or write for general information . . . 
or for specific information on equipping and operating your 
well or wells. We will give you facts and figures that you can 


check and verify. Address our Commercial Department, 


Shreveport, Louisiana. 


Investigate our BLOCK-RATE, no demand charge 


SOUTHWESTERN GAS & ELECTRIC CO. 


[| CONSIDER THESE 
IMPORTANT FACTS 
” 


Our power lines criss-cross East Texas. Elec- 
tricity is available NOW to any lease. 


Electric-driven pumping units cost less to 


buy and install. = 


Records prove that any well or group of 
wells can be pumped with electricity in 
East Texas at a lower total pumping cost. 
Ask for figures. = 


Lower maintenance cost and less rod 
trouble save enough to buy the electric 
power. = 


You have less shut-down time with electric 


ower. 
P & 


You have no water or gas lines to freeze up 
when you use electric _ power. 


No other power is as flexible and finely con- 
trolled as electric power. It goes to work 
at the touch of a button. It is always on the 
job in exactly the right amount—all you 
need, with no waste. . 


One bill for electric power makes your rec- 
ords easy to ~ Your pumping costs are 
not hidden in a ozen different accounts. 


Electric equipment cuts accidents to a 
minimum. Properly installed, it is fool-proof. 
e 


Your labor cost is lower and you save 
materially on small tools and supplies when 
you pump with electric power. 

« 


Electric power is the MODERN power. It 
encourages efficiency and economy. 
* 


GENERAL OFFICES - SHREVEPORT, LA. 
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on logarithimic paper and are a graphic representation of the 
formula: 


Velocity in ft. /sec. => 


where, 
G=volume of gas in cu. ft./sec. 
P=pressure in atmospheres 


A=cross-sectional area of tubing in sq. ft. 


An efficient range of velocities from five to 30 ft. per sec. 
was assumed, the lower figure being based on experimental 
data and the higher on Hawkins’ personal observation. He 
reasoned that “‘since slippage may result from too low a 
velocity or excessive friction from too high a velocity,” if 
the velocity were maintained within the range of five ft. 
to 30 ft. per sec. friction and slippage could, for all prac- 
tical purposes, be disregarded. 


A length of each size of tubing was quickly determined 
by reference to the pressure-velocity curves and the volume 
and pressure data, the length of each section being simply 
in proportion to the degree of expansion that took place in 
that particular section to the total expansion. 


The merit of this method for small wells is its adaptability 
to a wide range of flowing conditions, as calculation shows 
that an actual variation of 50 lb. in the bottom-hole pres- 
sure of these wells would have made a negligible change in 
velocity of only a few feet per second. By maintaining the 
velocities within an effective range the troublesome losses 
due to slippage and friction may be neglected. It should be 
mentioned that in these wells the gas was injected through 
key wells into the reservoir and recycled through the pro- 
ducing wells. The fact that the gas was recycled through a 
natural gasoline plant on the property and denuded of its 
gasoline content, made the gas-lifting of these wells an eco- 
nomical method of producing them. 

For larger and deeper wells adapted to gas-lift, other 
methods of designing a tapered flow string are employed. It 
is assumed that all the available information in regard to the 
well has been carefully obtained. From this information an 
estimate is made of the volume of injected gas necessary to 
flow the well. An estimate is then made, for several different 
sizes of tubing, of the flow velocity at the rate of flow at 
which it is desired to produce the well. The sizes are selected 
by cut-and-try methods of calculation and are limited to 
the velocity it is desired to maintain in the flow string. The 
range of velocities will depend primarily on the character 
and proportions of oil to gas (and water if present) to be 
lifted. It is good practice to try to hold the velocities within 
the range between five and 40 ft. per second. The velocity 
should be held as low as practicable at the lower end of the 
tubing. 

Several sizes of tubing are then chosen for the trial calcu- 
lation. Each size may be the same length, or the lengths 
may be estimated on the basis of the known well conditions. 
A table of velocities is calculated for each size of tubing for 
the entire length of the hole, the velocities being calculated 
for the top and bottom points of each section. It is assumed 
that the pressure drop from bottom to top of the flow string 
is uniform. It may be found necessary to go back and recal- 
culate to obtain a tapered string of suitable size and adjust 
the length of sections to obtain the desired velocity on the 
upper part of the flow string. 


Since two or more sizes of tubing are used in a tapered 
string, discrepancies are likely to occur in not having each 
section of such a length that the losses from friction and 
slippage could be held to the minimum. For this reason it 
is necessary to try to maintain the velocity so that excessive 
losses from friction and slippage will be avoided. 
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Frequently, it is found necessary to change the size and 
length of a tapered flow string after it has been in Operatig 
some time. If the cross section is too large the flow velociee 
will be too low and slippage losses excessive. Conversely H 
the cross section of the tapered string is too small the flow 
velocity will be too high and excessive friction losses will 
occur. A balance may be maintained between these two 
opposing sources of energy loss only by strict attention to 
the velocity. Where the tubinghead pressure permits, the 
judicious use of a flow bean may be an aid in maintainin 
proper flowing conditions. . 


A change in well conditions may result in disturbing the 
efficient flow of the well. If the tubinghead pressure is only 
slightly above atmospheric pressure, as it usually is in wells 
of this type, adjustment of the height of the tubing might 
remedy the trouble. If this fails and the trouble is acute it 
may be found necessary to change the size and length of the 
sections. 


Sometimes a casinghead leak will result in loss of casing 
pressure and cause a change in the well pressure sufficient 
to disturb the flow. 

Paraffin trouble, where prevalent, is a serious limitation 
to the use of tapered tubing. Unless provision is made for 
scraping the tubing at frequent intervals the restriction in 
diameter by the paraffin deposit will eventually clog the 
flow. A paraffin scraper, designed specially for tapered tub- 
ing, has been in successful use in the East Texas field.*° 

If any water is produced with the oil in a gas-lift well 
equipped with tapered tubing and the oil has a tendency to 
emulsify, serious trouble may develop. Emulsions are likely 
to form quickly and be quite refractory. , 

/ 

be run inside tubing of 2-in. or greater diameter. It is safe 
practice, as a matter of fact, always to run tapered strings 
of small diameter inside tubing of larger diameter. When 
this is done the larger tubing should be closed on the bottom 
with a perforated bull plug or with a perforated nipple 
plugged at one end. With this arrangement, the danger of 
a fishing job should the tapered string part or be dropped, 
will be eliminated. 


Tapered tubing in the smaller sizes, ¥g-in. to 1-in., may 


In regard to the efficiency that can be expected with the 
proper design and operation of small wells flowing by gas- 
lift through tubing, experience indicates, according to S. F. 
Shaw, that it about equals the percentage of submergence. 
This is only a rough guide for field use and should not be 
used in accurate calculations. 


QUESTIONS 


1. Under what conditions might a very low working submergence on a 
gas-lift well be justified? 


he 


What is a “fill-up” curve? How is it obtained? 
3. How is the rate of inflow to the well determined from bottom-hole 
pressure readings? 


4. What is the productivity factor of a well? How is it determined? 
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Elements of 
Applied Petroleum Refining 


By W. L. NELSON 


Professor of Petroleum Refining, 
University of Tulsa 


FLOW DIAGRAMS, OPERATING DATA 
AND DISCUSSION 


(Continued) 


EWAXING, Treating and Rerunning Distillate. 
D The wax that is found in high-boiling oil is generally 
classified as two types; crystalline wax as found in wax 
distillate, or paraffin oil and amorphous wax, which is found 
in the cylinder stock. The crystalline wax can be filtered 
from the oil in filter presses but the amorphous wax is 
sticky and quickly plugs the pores of a filter cloth or screen. 
In reality both of these types of waxes are crystalline but 
the crystals in the so-called amorphous wax are so small that 
the wax behaves as jelly. The crystalline nature of all waxes 
is illustrated by the several newly developed solvent dewaxing 
methods. In these processes both the crystalline and amor- 
phous wax can be successfully filtered. 

The common method of removing wax from wax dis- 
tillate has been to chill the oil and filter the wax from the 
oil in hydraulic presses. Amorphous wax has been removed by 
two methods; the cold settling process and the centrifuge 
process. The cold settling method was an outgrowth of the 
experiences of the early Pennsylvanian refiners who found 
that wax collected in the bottom of storage tanks if crude 
oil was allowed to stand through the winter. Today the 
centrifuge process is almost universally used. The cylinder 
stock is diluted with naphtha, chilled and passed through 
high speed centrifuge machines which separate the petro- 
latum from the oil solution. Recently several solvent dewax- 
ing methods have been developed. Some of these utilize 
presses and others the centrifuge. The advantage of the 
solvent processes lies with the selection of a solvent in 
which the oil is soluble but the wax is much less soluble. 
Even though special solvents are used it is still necessary to 
chill the stocks during dewaxing. 


General Processing of Wax Distillate. The processing 
of wax distillate to the production of pressed distillate and 
paraffin wax is indicated in Fig. 18. Refer to Figs. 6 and 7 
Article II (December). The wax distillate is partly cooled 
by the cold pressed distillate in a double-pipe heat exchanger. 
It is then cooled further in Chiller No. 1. The chiller is 
similar to the double-pipe exchanger except that a set of 
blades rotates in the center pipe and scrapes the frozen wax 
from the pipe wall. The chilled oil is then pumped at a 
high pressure through the wax press No. 1. These presses 
consist of cast-iron plates with canvas sewed over them. 
The oil passes through the canvas but the wax collects. 
Since the wax finally plugs the press, a battery of No. 1 
Presses is provided and thus one press can be opened while 
the-others are filtering. 


If low cold-test oils are required, the pressing is usually 
conducted in two stages as shown in Fig. 18. The oil that 
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TYPICAL FLOW DIAGRAMS 


AND OPERATING DATA 
(Continued) 


drains from the No. 2 presses passes through the double pipe 
exchange and back to storage. 


The slack wax that is intermittently taken from the 
presses still contains a large amount of oil and it must be 
sweated and filtered in the production of white paraffin wax. 
The sweat pans are shallow pans that have a perforated plate 
and screen across them at a distance of about eight inches 
from the top. A coil for cooling the wax is laid over the 
plate and the coils are connected so that warm water can 
also be passed through them. Water is run into the pan and 
then the slack wax so that the perforated plate is in the wax. 
As cold water is passed through the coils, the wax solidifies. 
The wax oven is then closed completely and the oven and 
wax are gradually heated by steam coils along the walls and 
by circulating warm water through the coils in the wax. 
The heating is continued for 30 to 45 hours, depending upon 
the effectiveness of the equipment and the melting-point 
that is desired. Foots oil drains from the wax and it is sent 
back into the wax distillate so that by recycling, the only 
final products are pressed distillate and wax. 

The crude scale from the sweat pans is slightly yellow in 
color. The color may be improved by heating the wax and 
filtering it. Since there is only a limited sale for paraffin 
wax, many refiners do not operate sweating plants. The slack 
wax from the presses is utilized as a cracking stock. 


The pressed distillate is a long range stock containing gas 
oil, neutral or light lubricating oils and some heavy oil. It 
must be redistilled to remove the gas oil and the less viscous 
materials and to produce stocks of the regular grades of 
viscosity. This is accomplished in a distillation system as 
shown in Fig. 19 or in a vacuum still. The neutral oils that 
are obtained by this distillation must be filtered to improve 
their color and sometimes a mild acid treatment is also 
necessary. 


Pressing. One of the major difficulties in the manufacture 
of lubricating oils is the production of a uniform wax distil- 
late that can be rapidly filtered through the wax presses. In 
the past the pressing characteristics of the wax distillate were 
improved by a so-called cracking distillation. The wax 
distillate was heated to about 800 deg. fahr. and a small 
amount of decomposition occurred. Today the cracking dis- 
tillation is not used but the production of the wax distillate 
must be carefully watched and controlled. Among the fac- 
tors that govern the pressibility of a wax distillate are: 


(1) Viscosity (4) Wax content 
(2) Distillation range (5) Crystalline structure 


(3) Fractionation (6) Extent of cracking 
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Fig. 19. Pressed distillate 
rerun plant 


= 

C) Pisrevess 

The viscosity of wax distillate — 
should be 55 to 75 seconds Say- |— 
bolt at 100 deg. fahrenheit. 
Higher viscosity distillates have 
been pressed but as a rule these 
heavy wax distillates are diluted 
with gas oil before pressing. The 
end-point of wax distillate 
should not exceed about 880 deg. 
fahrenheit. Lower boiling distil- | [ | 
lates are advisable. The amount 
of material boiling above 800 
deg. fahr. seems to govern the 
pressibility but a small amount 
of material that boils at 900 deg. |r 
fahr. can spoil the pressing char- 
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acteristics. Obviously the more 
wax a stock contains the shorter 
will be the cycle of operation. The crystalline structure is 
the most important factor but the crystalline structure is 
related to the other factors that have been mentioned. If 
these other factors are satisfactory then the crystalline struc- 
ture will usually be satisfactory. Cracking aids in the forma- 
tion of a proper crystalline structure but it is not so im- 
portant as other factors, such as fractionation, viscosity and 
boiling range. 

In general the oil should be chilled to 10 to 15 deg. fahr. 
below the desired pour-point but if a double pressing opera- 
tion (Fig. 18) is used a temperature eight degrees below 
the pour-point may be sufficient. Thus a temperature of 
minus 15 deg. fahr. or lower is necessary for the production 
of zero cold-test oils. For such low temperatures the direct 
expansion of ammonia in the chillers is advantageous and 
for oils having pour-points of minus 30 degrees and lower 
the necessity for direct expansion is almost imperative. 


Redistillation of Pressed Distillate. Since pressed dis- 
tillate is a high boiling material it must be distilled with 
steam (or in a vacuum) to avoid cracking. Refer to Fig. 12, 
Article [IV (February). A small amount of cracking is not 
serious in the distillation of many stocks such as crude oil, 
reduced crude oil, asphalt, etc., but practically no decomposi- 
tion can be allowed when distilling pressed distillate. In the 





first place the oil is valuable and a high temperature decom- 
poses the heavy stocks into gas oil. Furthermore, the distillate 
is ready for final treatment and should any discoloration 
occur it will have to be removed by expensive filtration or 
even acid treatment. 

In pipestill equipment the temperature is usually limited 
to about 700 deg. fahrenheit. In shell still equipment the 
temperature should be even lower but many plants are oper- 
ating at higher temperatures. In some shell still equipment, 
half of the viscous neutral stock is decomposed into lower 
boiling stocks. Steam atmospheric units are usually used but 
vacuum stills have been installed in a few refineries. 

Since the quantity of pressed distillate is usually small, 
many refiners are using a single plant for redistilling both 
pressed distillate and bright-stock solution. The two processes 
are somewhat the same and hence by careful judgment a 
plant can be designed that will be satisfactory for both 
operations. 

The processing system shown in Fig. 19 is not funda- 
mentally different from a topping system. The medium 
neutral oil can be drawn from any one of six trays. This 
allows a wide variation in the viscosity of the medium neutral 
product. The manner of withdrawing reflux heat is a little 
different from that in other flow diagrams which have been 
presented. This method of pro- 
viding reflux is widely used but 
it has few advantages. The reflux 
condenser is connected so that it 
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flash-point. The recycling of the medium neutral was not 4. Describe the properties of an average wax distillate if it 
particularly successful. is to be easily pressible. 


The temperature of the steam that is used in lubricating 5. To what temperatures should the wax be cooled in order 
oil rerun plants should not be high. Temperatures exceeding pel produce a minus ten cold-test oil? 
about 500 deg. fahr. cause discoloration of the oil. However, 6. Give two reasons why high temperatures are to be avoided 
a little superheat is advisable because moisture in the product in redistilling pressed distillate? 

‘ves a haziness that is sometimes hard to remove. 
give REFERENCES 


QUESTIONS 1. Buchler & Graves, “The Petroleum Waxes,” Ind. Eng. 
Chem. 19:718 (1927). 
1. What is - major difference between paraffin wax and 4 pyavis & Campbell, Pictures of Wax Crystals, Oil and Gas 
petroleum: Journal, p. 49, May 25, 1933. 
What is the main difference between a chiller and a 3, Bell, American Petroleum Refining Ch. XIX, 2nd Ed., 
double pipe exchanger? D. Van Nostrand. 
3. What becomes of the Foots oil that is produced in the 4. Wyant, “Separation of Wax from Distillates,” Oil and 
sweating operation? Gas Journal, p. 224, Oct. 2, 1924. 


rR 











Bucher and Mildon Advanced by Those in charge of the school emphasize that the course 
will not be merely a tour of observation, but a detailed study 


Westinghouse of drilling and development, production methods and equip- 


At a recent meeting of the board of directors of the West- ™¢"% geology, transportation, casinghead gasoline plants, re- 
inghouse Electric International Company, George H. Bucher 9°TY operations, treating of oil, and in addition, numerous 
was elected president of the company. As president and gen- special problems such as corrosion, gas-lift, weighing wells, 
eral manager, Mr. Bucher will continue his headquarters in belting problems, pumping problems, proration, etc. 

East Pittsburgh, Pennsylvania. A feature of the course this year will be a study of pump- 

Mr. Bucher has been connected with the Westinghouse or- 198 installations in the Oklahoma City and East Texas fields, 
ganization since September 1, 1909. After graduating from and the basis for proration under the code. 

Pratt’s Institute, Brooklyn, New York, in both steam and The University of Oklahoma has offered a special summer 
machine design, and also electrial engineering, Mr. Bucher COUFS€ In petroleum engineering for the last four years. 
joined the Westinghouse Electric and Manufacturing Com- 
pany at East Pittsburgh as a graduate student. In 1911 he 
was transferred to the export department at New York and 
in 1920 he was appointed assistant to the general manager of 
the Westinghouse Electric International Company, and in Dowell, Inc., an- 
1921 he was promoted to the position of assistant general pounce the promo- 
manager, and in 1932 to the position of vice-president and tion of James A. § 
general manager of the same company. 

Mr. Bucher is a member of the American Institute of Elec- 
trical Engineers, Engineering Club and Lawyers’ Club. 

R. B. Mildon was elected vice-president in charge of opera- 
tions of marketing, engineering, manufacturing and service, 
having to do with the products of the South Philadelphia 
Works of Westinghouse Eiectric and Manufacturing Co. 





James A. Cummin Now Branch Manager 
for Dowell, Inc. 


Cummin, formerly 
district manager in 
charge of the firm’s 
Oklahoma activities 
and located at Sem- 
inole, to the posi- 
tion of branch 


Mr. Mildon graduated from the Civil Engineering School 
§ é é manager to super- 


of Cornell University in 1900 and shortly thereafter was em- _. é; ; 
ployed by the Union Pacific Railroad and Colorado Fuel & '%* the entire Mid- 
Iron Company in an engineering capacity. In 1906 he was Continentarea 
appointed chief engineer of the Duquesne Mining Company, from headquarters 
and in 1909 became associated with the Westinghouse Com- *° Tulsa. He suc- | 
pany in charge of the gas producer department of the ma- ceeds Norman A. 
chine works at East Pittsburgh. In 1912 he was transferred Best who directed 
to the Westinghouse Air Spring Company and reéntered the the Pioneering ac- 
employ of the Westinghouse Electric and Manufacturing tVities of Dowell, 
Company in 1916 as assistant to the vice-president. Recently Inc., in the chemical treatment of wells and who is being 
he has been in charge of the stoker department. transferred to engineering duties with The Dow Chemical 
. Company, owner of the patents under which its subsidiary 
operates. 


University of Oklahoma to Hold Summer Mr. Cummin is present, with ten of his associates, at the 


Petroleum Engineering Course Dowell, Inc., double booth at the Tulsa Show where the firm 


The School of Petroleum Engineering, University of Okla- is Operating a miniature chemical laboratory depicting its 
ms, Miecmen. saneunces on eight-weeks summer field method of diagnesing wells for inhibited acid treatment. 
course, June 5 to August 2. The course has been arranged ‘ 
particularly for engineering students who desire to study Refining Company Changes Name 
field problems, and for employees of oil companies. Geology, The name of the D. R. Wilson Refining Company, Long 
development and operating methods in all principal oil and Beach, Calif., has been changed to the Envoy Petroleum Com- 
gas fields of the Mid-Continent and Gulf Coast areas will pany. Personnel of the firm and the address at 3000 Walnut 














be studied, it is announced. 
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S. C. CARNEY resigned recently 
as superintendent of the Martinez, Cali- 
fornia, alcohol plant of the Shell Oil 
Company of California. 

cicaatlleciacinitn 

At a recent meeting in Youngstown, 
Ohio, stockholders of the Continental 
Supply Company re-elected W. J. Mor- 
ris president. 

snnsnstllicicaseie 

C. A. RoBERTSON has been made di- 
rect factory sales representative in the 
Mid-Continent district for the Novo 
Engine Company, Lansing, Michigan. 

ccceailil caine 


Brit Lewis, well known in supply 
circles, has joined the sales staff of the 
Reed Roller Bit Company, Houston, 
Texas. His headquarters will be in Dal- 
las, Texas. 

— 

Joun A. GEIsMaR, general manager 
of The National Supply Companies, 
Toledo, Ohio, recently completed a trip 
through the Mid-Continent and Gulf 
Coast fields. 

— 

P. G. Harpy, assistant superintend- 
ent of the Stanolind Oil and Gas Com- 
pany at Midwest, Wyoming, has been 
transferred to the Tulsa, Oklahoma, 
office. 

_—— 

RicHARD BLoss, vice-president of 
the International Derrick and Equip- 
ment Company, Columbus, Ohio, vis- 
ited the Mid-Continent area early this 


month. 
“ ——<>—. 


E. J. SULLIVAN, Casper, Wyoming, 
president of the E. T. Williams Oil 
Company, recently made an extended 
trip to Washington, D. C., and Boston, 
Massachusetts. 

——<>—_—- 

H. F. ScHooNoveR, Texas division 
production superintendent of the Pure 
Oil Company, is ill with pneumonia at 
the Cook Hospital in Fort Worth, 
Texas. 

a en 

G. C. Swartz, Mid-Continent rep- 
resentative of the Buckeye Traction 
Ditcher Company, Finley, Ohio, was a 
recent business visitor in Texas and 
Louisiana. Mr. Swartz’s headquarters 
are in Tulsa, Oklahoma. 
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Roy E. O’Net1, formerly with the 
Maintenance Engineering Company of 
Houston, Texas, is now in charge of 
the Industrial-Scientific Supply Com- 
pany, Houston. 

W. T. Gunn, petroleum chemist 
with The Texas Company, has been 
transferred from Houston, Texas, to 
the company’s refinery at Casper, 
W yoming. 

>> — 

J. T. Murpvock has acquired an in- 
terest in the Creekmore Drilling Com- 
pany, Tulsa, Oklahoma, and is now sec- 
retary-treasurer of the firm. C. B. 
Creekmore is president and James 
Creekmore, vice-president. 

<>—_——_ 

L. P. BLANTON, with the American 
Manufacturing Company, has been 
transferred from the Fort Worth, 
Texas, ofice to Wichita Falls, Texas, 
where he will be North and West Texas 
sales representative. 

Ee 

W. H. Farvams, with the Dear- 
born Chemical Company for 18 years, 
has been appointed Arkansas-Louisiana 
representative of the Western Sand- 
Banum Company and will make his 
headquarters at New Orleans. 

ai eee 

OL. THompPsoN, general manager 
of the Charles N. Hough Manufactur- 
ing Company, has returned to head- 
quarters in Franklin, Pa., following a 
visit to the Mid-Continent and Gulf 
Coast districts. He was accompanied by 
C. O. Shumaker, Tulsa representative 
of the company. 


CHaRLEs W. Acorn has moved his 
headquarters from Tulsa, Oklahoma, to 
Wichita Falls, Texas, and will operate 
in the North Texas district. He has 
been operating independently since the 
first of the year and prior to that was 
with the Shell Petroleum Corporation. 

- <> — 

Sam GRINSFELDER, petroleum engi- 
neer and geologist for the Union Oil 
Company of California, who, for the 
last several years, has been doing work 
for his company in West and South- 
west Texas, has been transferred to the 
main office at Los Angeles. 


ij ( 





C. E. MANGOLD, of Bay City, Mich, 
assistant division engineer for Dowell, 
Inc., at Newton, Kansas, has been ap- 
pointed division manager for the com. 
pany at Shreveport, Louisiana. He syc. 
ceeds Jack R. Anderson, who was killed 
recently in an explosion while acid. 
treating a well in South Arkansas, 

<> 


H. C. WAKEFIELD, assistant super- 
intendent of the Casper, Wyoming, re. 
finery of The Texas Company, is being 
transferred to Price, Kentucky. Before 
assuming his new position Mr. Wake- 
field will take a 30-day course of train- 
ing at Port Neches, Texas, in the man- 
ufacture of asphalt. P. Beal, formerly 
manager of The Texas Company’s re- 
finery at Cody, Wyoming, which is 
now shut down, succeeds Mr. Wake- 


field at Casper. 
——<>—_—_ 


Ray E. Miixer has resigned as secre- 
tary of the Natural Gasoline Associa- 
tion of America -and accepted a posi- 
tion as vice-president in charge of sales 
of Hanlon-Buchanan, Inc., made 
vacant by the resignation of A. F. 
Wood, who is now president of the 
Wood-Moore Corporation of Tulsa, 
Oklahoma. Mr. Miller served five years 
as secretary of the Natural Gasoline 
Association and previously was with 
the Marland and Continental oil com- 


panies. 
> 


E. N. STANLEY has been named chief 
engineer of the valuation division of 
the Texas Railroad Commission, and 
will be in charge of the valuation of all 
oil and gas pipe lines operating in the 
state, as well as appraisal work in con- 
nection with the administration of gas 
utilities. He also will continue to fill 
the position of chief engineer under the 
new revenue bill. Laten Stanberry, di- 
rector of the gas utilities division, has 
been made chief supervisor of the oil 
and gas department to succeed R. D. 
Parker, the new administrative chief. 
Olin Culberson, chief examiner for gas 
utilities, succeeds Stanberry, and J. C. 
Boyd, examiner with the Interstate 
Commerce Commission, has been se- 
lected to take over Culberson’s former 
post. 
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High-Pressure Lubricator 
_ to D. L. Beatty, in charge 


of sales for American Lubricator 
Co., Dallas, the Standard Lubricator 
is guaranteed to deliver lubricant 
against pressures up to 3,000 lb. and 
is so completely standardized through- 
out and so designed for instant replace- 
ment of parts in the field that if one 
or more of the many pumping units 
housed in a single reservoir functions 
imperfectly the entire pumping unit 
mav be lifted clear of the reservoir 
without stopping or slowing up the 
pumping of other units. 

The replacement of an entire pump- 
ing unit or of any part is quickly, easily 
and economically accomplished because 
unit parts are interchangeable. 

Not only does the Standard Lubri- 
cator give lubrication against extreme- 
ly high pressures employed in rotary 
drilling, compressor work and other 





heavy-duty oil field work, but the de- 
livery of lubricant under heaviest 
pressures is insured by the quick re- 
placing of standardized parts while the 
machine is running, and the delivery 
of lubricant from the several pumping 
units in a single reservoir is adjustable 
at the touch of a finger so that each 
line will feed precisely as little or as 
much oil as desired to each area. 

Standard force and sight feed lubri- 
cators, made in stock model sizes of 
from 1 to 10 feed pumping units 
operated by one crankshaft in a single 
teservoir, are procurable from stock 
through leading oil field supply houses 
in this country and abroad. Models 
containing 11 or more pumping units 
operated by a single crankshaft are 
made on special order. 
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McCormick-Deering Diesel-40 TracTracTor 


HE McCormick - Deering Model 
TD-40 or Diesel-40 TracTracTor, 
manufactured by the International 
Harvester Company, Chicago, IIl., is 
operated by a four-cylinder, four- 
stroke-cycle, valve-in-head Diesel en- 
gine and is equipped with the same type 
of chassis as the McCormick-Deering 
six-cylinder T-40 TracTracTor. 
A distinctive system of starting 
makes it possible for the operator to 
crank the McCormick-Deering TD-40 


TracTracTor engine as easily as a gaso- 
line engine of corresponding size. To 
do this, a special device set by operator, 
but automatically disengaged, is em- 
ployed to reduce the compression pres- 
sure and place in operation a gasoline 
carburetor and magneto. In starting, 
then, the engine is operated as a con- 
ventional gasoline engine until this 
automatic device cuts out and shuts off 
the connection to the carburetor and 
the spark plugs and disengages the mag- 
neto, thus restoring full Diesel pres- 
sure. The engine then operates on the 
regular Diesel cycle. 

In building the fuel supplying sys- 
tem of the TD-40 engine, great manu- 
facturing care and skill are required 
and dimensions must be held to un- 
usually close precision limits. The in- 
jector pump, by-pass, and injector noz- 
zle, for instance, are made in a special 
shop where temperature and humidity 
are carefully controlled and the air is 
thoroughly cleaned. The injector pumps 
are assembled as a unit with the gov- 


ernor, the starting release, and two fuel- 
oil filterers, and may be readily re- 
moved as such and replaced, thus obvi- 
ating any need of field adjustments. 
Various parts of this unit are of stain- 
less or other rust-resistant steels or are 
Parkerized to protect against corrosion. 

The engine operates at compression 
pressures of approximately 550 to 575 
lb. per sq. inch. The volumetric com- 
pression ratio is 17:1. Cylinders are ver- 
tical and of 434-in. bore and 61/-in. 





stroke. The engine operates at four con- 
trolled speeds of 1100 r.p.m. and un- 
der, and since the transmission provides 
five speeds, the tractor may move at 
20 different forward speeds. The five 
tractor forward speeds at full-load gov- 
erned engine speed of 1100 r.p.m. are 
respectively 134, 24%, 234, 3%, and 
four miles per hour. Reverse speed is 
2% miles per hour. 

Fuel to each cylinder is filtered five 
times and passes through two sediment 
traps. Fuel-injection nozzle for each 
cylinder is of the closed, single-hole 
type. The maximum engine horsepower 
is 52, the maximum drawbar horse- 
power is 44. 

The McCormick-Deering TD-40 
TracTracTor is ruggedly built. Over- 
all length is 140 in., overall width, 
6334 in., height over exhaust pipe, 
8714 in., and drawbar heights, 173 in. 
high, and 11 in. low. The tractor 
readily turns within a circle of 7-ft. 
radius. 
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NO AXE TO GRIND 00 (American 


Hammered has never been committed to 


any one type or design of piston ring. Every 
job must be “engineered” before a specific 
recommendation can be made 1+ 1 11 


GREATER SPEEDS and pressures—increased r.p.m.—higher temperatures —lighter 
metals —ever-advancing engine designs—each step forward has called for new pis 
ton ring developments. In this development, American Hammered has occupied at 
all times the position of pioneer. The vast background of experience accumulated 
makes possible a piston ring recommendation that is most advanced, most fitting 


SEE OUR EXHIBIT (or every individual case. 
AT THE OIL SHOW American Hammered Piston Rings are used by America’s leading builders of en- 


TULSA gines—for every kind of service—Diesel engines, lighting plants, airplane and 
automobile engines, compressors, pumps, steam locomotives and trans-Atlantic steam 
May 12th to 19th ships. With no special type of ring to promote—with no single axe to grind— 


the engineers of the American Hammered Piston Ring Company, in any of the many 
branch offices. will be glad to consult with you about the 
type of piston rings best suited to your requirements. 


e The American Hammered Piston Ring Co., Baltimore, Md. 
American 


BRANCH OFFICES 


* Tulsa, Okla... .404 E. Second St. Houston, Tex. 1605 Polk St. 
7 e Seminole, Okla. 107 First St. Long Beach, Calif. 501 Pico St 
Fort Worth, Tex..2603 Azle Ave. Winfield 


Kansas 


aw ENERGIZED PISTON RINGS 


IN EVERY SIZE...OF EVERY TYPE...FOR EVERY PURPOSE 
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Pipe Cleaning Machine 


w electrically-driven machine for 
A cleaning pipe has been introduced 
by the Adams Manufacturing and En- 
gineering Company of 2068 Belgrave 
Avenue, Huntington Park, Calif. 

The machine is a complete unit and 
includes a motor driven by a gasoline 
engine generator. The motor is mounted 
directly above the rotating cleaning 
machine and is an integral part of it. 
The rotary frame opens on hinges and 
is readily placed on the pipe where it is 
closed and locked. The machine itself 
is light and rests on two convex rollers 
that conform to the perimeter of the 
pipe. The rotating elements are con- 
nected with the motor by a V-shaped 
belt and a control on the motor permits 
a reversal of the direction in which 
these elements revolve around the pipe. 

The generator and the engine are 
built in a two-wheel trailer that also 
carries the cleaning machine when it is 
not in service. 

For old pipe, the cleaning elements 
are chains on both sides of which are 
pointed studs made entirely of hard 
metal. When the studs on one side be- 
come worn, they are sharpened, and 
when further worn the chains are re- 
versed. When both sides are worn, the 
points may be renewed by any welder 
on the job. For new pipe, the cleaning 
elements are steel wire brushes made up 
in segments that are also renewable. 


Landmaco Threading Machine in Larger Sizes 


HE Landis Machine Company, 
Inc., Waynesboro, Pa., is now 
offering the Landmaco threading ma- 
chine in the 2-in. and 2'4-in. sizes. 


This machine was formerly built only 


closely after the smaller machines and 
have the same features of design, in- 
cluding the geared headstock with 
chrome nickel steel gears, spiral bevel 
gear spindle drive, anti-friction shaft 





in the 1-in. and 1'4-in. sizes. The new 
machines have capacities from 1% in. 
to 2 in., and 12 in. to 2'% in., respec- 
tively, and are made in both the single 
and double head models. Both sizes 
and models can be equipped with lead- 
screw attachments. 

The 2-in. and 2'%-in. Landmaco 
threading machines are patterned 


Gardner-Denver Vertical Compressors 





pete to achieve a saving in air 
compressor costs, a new line of 
Vertical compressors has been an- 
nounced by the Gardner-Denver Com- 
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pany, Quincy, Illinois. According to 
Gardner-Denver officials, the new ver- 
ticals surpass even the cost saving 
records of previous Gardner-Denver 


and spindle bearings, built-in revers- 
ible coolant pump, friction clutch 
control, double well bed, covered 
guides, etc. 

The new machines are sturdy and 
rigid in construction, the manufac- 
turers state, and have a wide speed 
range. All controls are centralized and 
within easy reach of the operator. 


models. As evidence, it is pointed out 
that the new verticals, which deliver 
exactly the same amount of air as 
horizontals of the same capacity, are 
priced 25 per cent lower. Installation 
cost is given as two-thirds lower, and 
maintenance costs from 25 to 50 per 
cent less. In addition, the new verticals 
make possible a valuable saving in 
floor space, it is stated. 


Inlet and discharge valves are cush- 
ioned, are silent and durable. Extra 
large water jackets completely sur- 
round the cylinders and valves, assur- 
ing minimum cylinder temperatures. 
A water-cooled inter-cooler saves 
power and increases volumetric effici- 
ency by cooling air between stages. 


The crankshafts are large diameter 
forged steel, supported by three main 
bearings of the bronze-backed babbitt- 
lined full circle type. There is pres- 
sure feed lubrication to all bearings 
through drilled passages, thus elimi- 
nating oil pipes which are subject to 
breakage and leakage. A rotary oil 
pump assures constant and uniform 
oil pressure. 


71 








Fitz Sucker Rod Coupling 


HE Fitz Toot Corporation, Kil- 
gore, Texas, has announced the 
Fitz sucker rod coupling. Made in one 
piece of special al- 
loy steel, the tool 
is heat-treated and 
hardened, assuring a 
minimum of fric- 
tion and 
against the tubing. 
The coupling is 
of streamline design 
and, having clear- 
ance of the barrel 
or bearing surface 
of 1/16-in., will 
not not catch in the 
tubing. Made for 2- 
2'4- and 3-in. tub- 
ing, in the box and 
pin or double box 
types, it is of four 
wing construction 
with sufficient 
metal to allow the 
fluid topass through 
easily. 


es 
> 2 
== 
ae 
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wear 





The Fitz sucker rod coupling is used 
to particular advantage when the oper- 
ator is faced with problems of paraffin, 
crooked holes or frequent rod breakage, 
the manufacturers state. With the 
proper spacing of the tool on the rods 
the tubing can be kept free from 
paraffin, it is pointed out. For crooked 
holes the coupling acts as a guide and, 
if properly spaced, greatly reduces tub- 
ing and rod wear. The entire string 
moves easily and freely, eliminating 
“whip” and “slap” action of the rods, 
the principal cause of rod breakage. 
With this coupling 3-in. tubing is be- 
ing used successfully without rod 
breakage. 





Improved Goodyear V-Belts 
for Multi-V-Drive 


A NEw and improved type of Good- 
year Emerald Cord V-belt has 
been announced by Worthington Pump 
and Machinery Corporation, Harrison, 
N. J., in connection with the Worth- 





ington Multi-V-Drive. Goodyear belts 
have been standard on this drive since 
its introduction. 

Great power capacity, long flexing 
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life, uniform cross-section and low 
stretch are the primary factors consid- 
ered in designing the new belt, accord- 
ing to the manufacturer. It is said that 
a basic feature is a greater concentra- 
tion about the neutral axis of the belt, 
of the load-carrying capacity. All cords 
are completely embedded in rubber, 
thus affording full insulation for the 
control of internal heat. The tension 
and compression sections of the belt are 
composed of rubber, with layers of 
fabric distributed through the compres- 
sion section to prevent excessive flexi- 
bility. 

The belt is molded to shape, and is 





completely enclosed in a fabric envel 
ope that protects the working elements 
and provides a good contact surface for 
the V-grooved sheave. The fabric for 
the envelope is so cut that the threads 
run on the “bias.” This prevents the 
envelope from taking any part of the 
load, thus protecting it from rupture 
The envelope is “flipped” on the belt 
(not spiraled) and is so placed that the 
edges overlap on the top or bottom of 
the belt, rather than on the sides. This 
produces a smooth, unbroken surface 
on the contact faces and, it is claimed 
eliminates the possibility of fraying. 
even after prolonged use. wits 


Drilling Fiuid that 
gives you 

















Colox is a conditioning material that blends 


naturally with your drilling fluid, giving you 


control over underground problems. It forms 


a thin strong filter cake on the wall of the 
hole, won’t settle out and makes a very 
heavy mud (18 to 20 pounds per gallon.) 


manufactured under exclusive license by 


Geo. S$. Mepham Corp., 


2001 Lynch Ave., East Saint Louis, III. for 
Mid-Continent and Gulf Coast areas and 


C. K. Williams & Co., 
of Calif., Ltd., Shelimound Park, Emery- 
ville for Pacific Coast area 
Under U. S. Patents Nos. 1,575,944°5 


Distributed by The Republic Supply Co., in 
the Mid-Continent and Gulf Coast areas 
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aboratory Precision Production 


of Fully Heat-Ireated 
Sucker Rods 





FIGS. | AND 2 
Fig. |. Normal grain size of “controlled fine-grain" steel. 
Fig. 2. Commercial coarse-grain steel. Photomicrographs 
magnified 100 times. 


T can truthfully be said that “eternal vigilance is the 

price of a modern high strength, uniform property sucker 
rod or pull rod” as there can be no “‘let-down” in the care 
exercised in processing these rods. Betterments required from 
year to year because of the increasing service demands that 
have been placed upon rods in deep pumping wells and the 
limitations as to size have made it necessary to procure the 
required improvements within the material, its heat treat- 
ment, design and workmanship. More than 30 years of co- 
operative research and development are represented in the 
present-day products of one manufacturer. 


Commercial Developments 


Laboratory experiments and shop practice usually produce 
two widely different results, but it is the constant endeavor 
of all manufacturers to make commercial practices equal 
laboratory precision. The equipment and processes described 
attain this ultimate goal wherein 


By 
FRANK H. LOVE 


While even a brief history of the steel-making art would 
be entirely too lengthy for this article, perhaps it is in order 
to mention a few points in connection with the production 
of the special steels required for the fabrication of fully heat- 
treated sucker rods along with some of the pertinent points 
regarding their manufacture. 


Controlled Fine-Grain Steel 


Recent years of research have proven that two lots of steel 
with identical compositions may vary greatly in such char- 
acteristics as strength, toughness, hardness, response to heat 
treatment, etc. In other words, as one noted metallurgist has 
so aptly stated, “steel has a personality”; and a steel-making 
process has been developed whereby the “personality” of steels 
can be definitely controlled. 

The special steel thus made for fully heat-treated rods is 
called “Controlled Fine-Grain Steel” and possesses the char- 
acteristics most desirable in the manufacture of sucker rods 
for use in wells having high pumping stresses. The manufac- 
ture of this steel calls for an intimate knowledge of furnace 
reactions, step-by-step control of the process, and constant 
inspections and laboratory checks all along the line. These 
steels are, as the name implies, naturally fine-grain and, inas- 
much as they possess a favorable response to full heat treat- 
ment, develop high strength, great endurance and impact 
resistance not found in ordinary commercial coarse-grain 
steels. A comparison of such steels will serve to illustrate 





commercial practices equal labor- 
atory results. The major steps in 
sucker rod and pull rod manufac- 
ture are as follows: 
1. Large scale production of 
“Controlled Fine-Grain 
Steel.” 
2. Correct forging design and 
practice. 
3. Duplication of laboratory 
results in the full heat 
treatment (normalize, quench 
and draw) of a rod up to 1 in. 
diameter by 30 ft. long and suit- 
ably straight. 











these points. 





4. Accuracy of joint machin- 
ing. FIG. 3 


5. Individual gauging and in- ne ew 


spection. failures. 
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cold shuts, etc., which might cause 


FIG. 4 
Stock, blank, finished pin and box forg- 
ings, free from defects. 


nicks, folds, 
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TABLE | 
Chemical Composition of Two S.A.E. 1050 Heats of Steel 
-_ Ss 

Controlled Fine-Grain Com’! Coarse-Grain 
Carbon - - - - - 0.520 0.490 
Manganese - - - - 0.690 0.670 
Phosphorus - - - 0.030 0.025 
Sulphur - - - - 0.039 0.037 
Silicon - - - - - 0.330 0.310 





Pieces of each steel were heated to 1650 deg. fahr., held at 
temperature two hours, and slowly cooled in the furnace. 
This treatment developed or fixed the normal grain size of 
each and the photomicrographs, Fig. 1 and 2, show the results. 

To determine the impact and endurance properties of the 
two materials 3/4,-in. rounds of each steel were water-quenched 


sulting forging will be sound and free from nicks, cold shuts 
and undesirable folds. Failures in service may result from 
such defects as are shown in the forgings of Fig, 3, while 
Fig. 4 shows well-made sound upsets free from damaging 
defects. 


Heat Treatment 

To obtain the ultimate in desirable physical properties fo, 
an upset or forged steel—carbon or alloy—the complete heat. 
treating cycle (i.e., normalize, quench, and draw) must be 
carried out. A sucker rod or pull rod must be heat-treated 
over its entire length, i.e., from end to end, to guarantee 
sound rod of uniform physical properties throughout. Fo, 
cucker rods or pull rods there must be no zones or sections 
below standard. The rod is only as strong as its weakest 
section. To normalize, quench, draw and straighten a 25-f 
or 30-ft. sucker rod over its entire length was quite a prob- 








"As forged" 
Fig. 5 


Photomicrographs showing grain size and structure of S.A.E 1050 Steel after various treatments. Magnified 100 times. 


from 1550 deg. fahr., and then drawn back or tempered at 
1050 deg. fahrenheit. From these heat-treated pieces, test 
specimens were prepared. Table II shows the results of the 
tests and clearly indicates the greater resistance of the fine- 


grain grade “A” to fatigue and impact stresses. 





TABLE II 


Showing Maximum Values Obtained from Laboratory-Pre- 
pared Specimens of Two Different Heats of 


S.A.E. 1050 Steel 
an “RB” 
Controlled Fine-Grain Com’! Coarse-Grain 
After Normalize, Quench and Draw 
Brinell hardness - - - - 255 255 
Izod notched bar impact, (ft. 
lb. resistance to single blow 
fracture) - - = = = 52 18 
Air endurance (lb. per sq. in. 
computed outer fiber stress 
—rotating beam type ma- 
chine) - -©- e+ © = = 


71,000 66,500 





Forging 

The forging design of an upset-end, one-piece sucker rod 
is important. Proper displacement of metal and fiber flow 
can be procured only by having the proper die design, pyro- 
meter control of the forging temperatures and skilled work- 
men. 

For the production of a 3/4-in. by 25-ft. sucker rod of this 
type 26 ft. 10 in. of steel are required. The surplus length, 
used to form the box and pin ends, must be upset or gathered 
by many heats and numerous die impressions so that the re- 
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“Normalized” 
Fig. 6 


"Fully heat-treated" 
Fig. 7 


lem. In September of 1933, the Oil Well Supply Company 
placed in operation at its Imperial Works, Oil City, Pa., 
specially developed equipment for such full heat treatment. 
More than three years of research, experiment and develop- 
ment were behind this installation, and its adaptability toa 
wide range of heat treatments makes possible the commercial 
production of rods fully heat-treated throughout their entire 
length. Views of this installation are illustrated. 

Table III illustrates how various methods of manufacture 
will produce different properties in sucker rods made of the 
same steel, the steel in this case being straight carbon of the 
S.A.E. 1050 type. 





TABLE III 


Showing the Properties Procured from S.A.E. 1059 Steel 
After Various Methods of Manufacture Into Sucker Rods 


Type 3 
Type | Type 2 “fully 
"as forged” “normalized” heat-treated” 
Yield point - - - X 55,000 56,000 85,000 
Ultimate strength - X 90,000 95,000 115,000 
Elong. in 2 in. - - 16% 20% 20% 
Reduction of area - 40% 40% 50% 
Air endurance limit X 35,000 46,000 59,000 


Izod impact (ft. lb.) 8 18 40 
Brinell hardness — - 190 195 250 





(X—In Ib. per sq. in.) 
Norte: The above are minimum values obtained frem production sucker 
rods of 34-in. diaimeter. 


—— 
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View of "Oilwell" Sucker Rod heat-treating installation. 


Furnace temperature control pyrometer panel. 


Quenching bath control and recording thermometer. 


Quench control panel, with control devices shown sepa- 
rately at bottom. 


Straightener and proof-testing control panel, with con- 
trol devices shown separately at bottom. 
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The properties under column “Type 1” were obtained by 
properly forging under pyrometer control and air-cooling; 
no further treatment. The weakest portion of this rod is in 
the body just back of the upset and the properties of this 
section are given in the first column of Table III. ‘Type 2” 
was properly upset, air-cooled, and then the foged ends were 
normalized by heating to 1625 deg. fahr., and air-cooled. 
Where the normalizing heat runs out in the body of the rod, 
we have a short section which has the properties of the ‘‘as 
rolled” bar drawn back or annealed. This soft spot is the 
weakest portion of the “Type 2” 
rod and its properties are also Gauges for 
shown in the table. The ‘Type —— 
3” rod is the product of a full box and pin 
heat treatment. After forging, 
the ends are normalized, then the 
entire rod is heated to 1525 deg. 
fahr., quenched over its entire 
length and subsequently tem- 
pered or drawn back to 1050 deg. 
fahrenheit. The result is a rod of 
uniform properties over its entire 
length with no zones of weakness. Photomicrographs of these 
three types are shown in Figs. 5, 6 and 7. 

Greatly increased fatigue resistance and impact values are 
obtained by this full heat treatment. This “Type 3” rod is 
being produced on a strictly commercial scale with the 
equipment here referred to. Inasmuch as this installation is 
so different from other heat-treating machines that handle 
articles of steel, a description should be of interest. 


Heat-Treating Installation 


There are three units. The first is a natural gas-fired fur- 
nace through which the rods are carried on a heat-resisting 
alloy conveyor. Thermo-electric pyrometers indicate, control 
and record the temperature of this furnace and assure close 
temperature ranges in the rods and a proper time and tem- 
perature schedule. 

Fig. 8 shows the furnace control panel, which eliminates 
guess work and provides a check record of continuous opera- 
tion. The normalized rods are carried through the furnace, 
withdrawn by mechanical pull-out, deposited in a quench- 
ing jig, quenched a stipulated time in water of the proper 
temperature and then withdrawn from the quenching bath, 
ready for the draw-back operation. Figs. 9 and 10 show the 
cooling medium regulator with its recording thermometer 
and the quench control panel. 

After the rods have been quenched, they again pass 
through the furnace on the draw-back heat. They are then 
removed from the furnace, one at a time, by another me- 
chanical pull-out and, while still at draw-back temperature, 
are straightened and proof-tested. 

The crookedness that results from a quenching operation 
cannot safely be removed from the rods while they are cold. 
For this reason, the equipment has been so designed as to 
stress each rod to a straight line only while it is at the draw- 
back temperature. The rod is then in a very plastic and 
ductile condition and responds to straightening without dam- 
age. At the same time, each rod is individually proof-tested. 
Non-uniform heating of the rod will cause it to neck down 
during this straightening and proof-testing operation, while 
certain defects will cause the rod to pull in two. These 
operations are automatically carried out and controlled and 
Fig. 11 shows a view of this control panel. 
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During the progress of these heat-treating Operations 
trained observers from the metallurgical laboratory are om, 


tinually removing rods from the production line for brinel| 


hardness and tensile tests. Table IV shows the results of 305 
brinell and 127 tensile tests made during production, Each 
bundle of rods carries a serial number tag, which has been 
placed upon it during the unloading of the steel. This ta 
follows the rods through all operations and full meet 
maintained of heat numbers, analysis, type, size, heat treat. 
ments, and the resulting properties obtained. 








Master, working and inspectors’ gauges for production of one size A.P.I. box and pin 





TABLE IV 
Showing Results of 127 Tensile and 305 Brinell Hardness 
Tests Made on Full Heat-Treated 34-in. Sucker Rods Made 
from S.A.E. 1050 Steel. Check Tests Made 
During Production 


Minimum Maximum Average 
Yield point - - - X 84,800 105,500 91,200 
Ultimate strength - X_ 114,000 126,000 119,200 
Elong. in 2 in. - - 20% 25% 22.6% 
Reduction of area - 50% 63% 57.5% 
Brinell hardness -— - 241 277 247 


(X—in Ib. per sq. in.) 





Accurate Machining and Individual Gauging 


The need for accurate joints has been emphasized by A.P.1. 
sucker rod specifications. The tolerances for these joints are 
closer than those for any other commercial thread, and their 
production has made necessary tooling and machining not 
ordinarily used. In addition to the demand for greater ac- 
curacy, in the case of the fully heat-treated sucker rod, add 
the difficulty of producing this accuracy in threads cut from 
high-strength tough steel. 

Cutting tools of special material must be used and only 
ground thread taps and dies will produce the desired ac- 
curacy. Roughing and finishing cuts must be employed and 
the gauging practice must be extended beyond that called 
for in A.P.I. specifications for gauging. The mechanic who 
machines the joint must gauge his work so that he will be 
assured his product will pass final inspection and then the 
joints must not only pass an amplified A.P.I. gauging prac- 
tice by trained inspectors but they also must pass a make-up 
test so that no trouble will be encountered when the rods 
are run in the well. In order to obtain such high type rods, 
each rod must be individually gauged. It would not be safe 
to gauge occasional rods and feel assured that all would be 
satisfactory. 

From the foregoing it will be seen that the production of 
the present-day high quality, high strength, accurately ma- 
chined and scientfically heat-treated sucker rod or pull rod 
calls for great skill, special modern equipment, and eternal 
vigilance, and all on a strictly commercial scale. 
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Automatic Control as Applied to the 
Gathering and Pumping of Crude Oil’ 


W.H. SHIELDS 
Texas-Empire Pipe Line Co. 


HIS article supplements the paper published in the Octo- 

ber, 1930, issue of Petroleum Mechanical Engineering 
and sets out the developments both in equipment and methods 
that have been accomplished during the interval of three 
years. 
' This special research committee of the A.S.M.E. was 
organized in 1929 to investigate the possibility of applying 
automatic and semi-automatic controls to the gathering and 
pumping of crude oil. At that time a station was designed 
by its members and built for demonstration at the Petroleum 
Exposition held in Tulsa during October of 1930. The idea 
of automatic control was so new that many of the equip- 
ments had to be built or assembled for the purpose of this 
demonstration, as the factories that normally manufactured 
such equipments were not conversant with the conditions, 
nor had they worked out any of these details. 

As a result of this demonstration station, two large pipe 
line companies adopted some of the ideas and principles that 
were worked out and applied by them to their main line 
systems. These stations have been operating for the past 
three years and have conclusively demonstrated that auto- 
matic controls may be economically and successfully applied 
to pipe line pumping. One of the pipe line companies also 
applied automatic control schemes to a gathering station that 
had been operating for over five years 
and this has proven to be both economi- 
cally and commercially successful. 

This committee, during the past few 
months, has investigated the latest im- 
provements and the most up-to-date 
ideas in automatic and semi-automatic 
controls and has rebuilt the demonstra- 
tion station at the Petroleum Exposi- 
tion for use during the show to be 
held in May of this year. It is the 
object of the committee in this work 
to demonstrate to the industry equip- 
ments and methods that have proven 
successful in actual operation and to 
utilize some new devices that have 
recently been placed on the market. It 
is also the object of this committee to 
simplify the equipments as much as 
possible, and certain features that have 
proven commercially successful will 
not be incorporated in the automatic 
controls at this demonstration station. 
However, it has been conclusively 
proven that these features are success- 
ful and the following tabulation enu- 
merates these devices that may be add- 
ed at the discretion of the pipe line 
company: 









Pere aber Presented at National meeting of the 
etroleum Division of A.S.M.E. at Tulsa, Okla- 
oma, May 14-17, 1934. 
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T. D. WILLIAMSON 


Petroleum Engineering and Equipment Co. 


(1) Sump Control. It is, of course, necessary to have a 
sump at these automatic stations to receive drain from 
the pumps caused by leakage of gaskets or stuffing boxes. 
Automatic liquid level control is provided for these 
sumps to start the motor when a certain maximum level 
is reached and to stop the motor when the liquid is 
pumped down to a minimum level. It has been found 
advisable to add a second automatic sump control, which 
is operated at a maximum level indicating excessive 
leakage from the pumps caused by a blown stuffing 
box or gasket. This control functions to stop the main 
motor pump units and to signal to the control point 
that trouble has occurred. 

(2) Bearing and Stuffing Box Temperature Controls. 
These control units may be added to the pump and 
motor to function under excessive temperatures, indicat- 
ing lack of lubrication or difficulty in stuffing boxes. 
The control would function to stop the motor-pump 
unit and to signal to the control point that trouble 
has developed. 

(3) Station Fires. A fire is most liable to occur at the 
stuffing box of the pump. One pipe line company has 
equipped a station with fusible links located near the 
ceiling of the pump room, directly above the location 


Fig. | 


STATION _1 
FIELD GATHERING STATION 
MOTOR-DRIVEN RECIPROCATING PUMP 
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STATION 2. 








( Flow Meter 





STATION 3. 
TRUNK LINE STATION 
(NOT DEMONSTRATED) 





of the stuffing box of the pump, and should a fire occur the 
heat would melt the fusible links, allowing a switch to close, 
stopping the station and sending a signal of fire to the control 
point. When these automatic devices are applied to booster sta- 
tions not having tankage, the main motor-driven valve con- 
trolling the stream of oil into the station would be automat- 
ically closed to divert the oil from the station through the 
main pipe line in which check valves are normally installed 
and which are open when this main motor valve closes but 
which under normal operation are held closed due to the dis- 
charge pressure of the station pump when it is in operation. 

These automatic features are not included in our demon- 
stration station but are mentioned as possible additions to 
commercial plants. 

The sketch in Fig. 1 represents an automatic motor-driven 
field gathering station. Ordinarily the pumper would start 
this station manually and, after gaug- 
ing and turning on his tanks in the 
field, would allow the motor to run 
a sufficient length of time to pump 
the oil out of the gathering system and 
then return to the station and stop 
the station manually. Either through 
negligence on the part of the pumper, 
or because of the pump becoming air- 
or gas-locked, the pump would not be- 
come primed and would continue to 
run idle until the condition was dis- 
covered by the operator. In order to 
guard against this, an automatic air 
or gas release valve has been installed 
on the discharge side of the pump, 
which valve automatically releases air or 
gas pockets, thereby keeping the pump 
constantly primed with the fluid. 





Fig. 3 
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Discharge ho Station 3 


Fig. 2 


LOCAL LINE GATHERING STATION 





al 
5 MOTOR-DRIVEN RECIPROCATING PUMP : aie 
8 Referring to Fig. 1, G, represents the 
s recording pressure and vacuum gauge on 
% the suction side of the line, G, the te. 
S cording pressure gauge on the discharge 
& - side, V, the gate valve on the discharge 

~ l . . 

| wm $0. Ogs line, V., the gate valve on the incoming 
s . i! Poy side, V., the relief valve, V, the auto. 


matic vapor relief valve described above, 
G,, the high and low pressure automatic 
control, and TS the time switch. 

In the operation of this station the 
pumper would manually start the motor 
of the motor-pump unit and set the 
time on the time switch at which this 
unit is to stop. He could then proceed 
with gauging and turning on of tanks 
and would not return to the station 
until the following day. In case of gas 
or air in the line as mentioned above, 
these would be released. Should a break 
occur in the pipe line beyond the sta- 
tion, the automatic low-pressure control 
would function to stop the motor. Also, 
in case an operator should close a valve 
on the discharge side of the station, the 
high-pressure automatic control would 
function to stop the motor immediately, 

As shown on the diagram of the sys. 
tem, Station No. 1 pumps its fluid to a tank at Station No. 2. 

The sketch in Fig. 2 represents a fully automatic gathering 
station receiving oil from the field gathering system and 
delivering into tanks at a trunk line station at which opera- 
tors are always in attendance. 

Referring to Fig. 2, V, represents the gate valve on the 
discharge line, V2 the gate valve on incoming line, V, the re- 
lief valve, G, the recording pressure and vacuum gauge on in- 
coming line, G., the recording pressure gauge on discharge 
line, G, the high- and low-pressure automatic control, LLC 
the liquid level control operating in connection with the 
receiving tanks, and LV the automatic loaded valve. 

This station is started and stopped by means of the liquid 
level control. When the fluid in the tank reaches a predeter- 
mined maximum level the motor-pump unit automatically 


S ' 
oA hh. Cy 2 
agate te Fe 4 63 





STATION 4. 
MAIN LINE BOOSTER STATION 


MOTOR=DRIVEN CENTRIFUGAL PUMP 
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starts and runs until this level reaches a predetermined mini- 


mum height. _ 
A remote control system is installed between Station 2 and 


Station 3 to function over telephone wires. At Station 3 is 
installed a master control panel, which indicates when the 
motor-pump unit at Station 2 is running and when it is 
stopped. There is also on this master control panel a control 
switch that enables the operator at Station 3 to stop the 
motor-pump unit at Station 2 under emergency conditions. 

A flow meter is installed on the receiving line at Station 3, 
indicating and recording the amount of fluid received. Should 
this flow meter indicate little or no oil being received and 
at the same time the motor-pump unit at Station 2 indicate 
on the control board to be in operation, then the operator 
at Station 3 would know that there was a broken line be- 
tween stations 2 and 3 and would stop the motor at Station 
2 by means of the remote control system. 

The high- and low-level automatic pressure control equip- 
ments would also serve to protect the discharge line against 
a broken line, indicat- 
ing low pressure, and a 
closed valve indicating 





: °° 
high pressure. 556 
In case of a broken 
line beyond this station Field Gathering System “a 


when the motor-pump 
unit is automatically 
stopped, there is a possi- 
bility of drainage of oil 
from the storage tanks 
through the pump and 
into the broken pipe 
line system. This condi- 
tion is protected against 
by means of the auto- 
matic loaded valve. 
This valve is designed 


In the operation of this station the attendant at the master 
control point would turn the control switch to indicate 
“Start,” sending impulses over the control telephone wires 
to the automatic station. Relays are operated at the automatic 
station that cause the motor-driven gate valve on the incom- 
ing side to open. When this motor-driven valve is fully 
open, the motor-pump unit automatically starts. If the 
attendant at the master control point desires to stop the 
station, he turns the control button to the “stop” position, 
which causes the motor-driven valve to close. As soon as 
this valve starts to close the motor-pump unit automatically 
shuts down. 

Should a break occur in the line beyond the station, the 
low-pressure automatic control would function to close the 
motor-driven valve and stop the motor-pump unit. In case 
of a broken line on the low-pressure side of this automatic 
station, loss of suction pressure would cause the motor-driven 
valve to close, which at the same time stops the motor-pump 
unit. In Fig. 4 is outlined the sequence of station operation 

from the field gathering 
system to the maintrunk 


2? 4 : : 
ob08 line in a typical pipe 
£99 line system. 
/ 20 


Any or all of the 

| automatic features de- 
scribed in the first part 

of this article may be 

added to this automatic 


STATION | station, but, for sim- 
| FIELO GATHERING STATION plicity, are not included 
MOTOR-DRIVEN RECIPROCATING PUMP 


with the equipments 
demonstrated. 

Most centrifugal 
pump booster stations 
consist of two or more 
motor-pump units. In 


: making the installation 
to open automatically STATION 2 g 


when the pressure on 
the receiving side 
reaches a certain value. 
This pressure is set up 
by the reciprocating 
pump in the station. 
As long as this pressure 
exists the valve remains 


LOCAL LINE GATHERING STATION of additional units it 
MOTOR-DRIVEN RECIPROCATING PUMP 


has been found that 

check valves in the 

main suction header line 

between pumps serve to 

STATION _3 direct automatically the 
TRUNK LINE STATION a 

(NOT DEMONSTRATED) flow of the oil through 

the various pump units 











open and when the STATION 4 22 as they are started and 
pump is stopped the CHAN LINE BOOSTER StArvan 7 stopped. By this ar- 
valve automatically “°TOPORIVEN CENTRIFUGAL PUMP fo. rangement, when one 
closes and will not be }— pump is in operation the 
opened by the static Fig. 4 oil flows through the 


pressure of the tank. 

The sketch in Fig. 3 represents a fully automatic main 
line booster station operated by a motor-driven centrifugal 
pump, having no station tankage and in which no operators 
are stationed regularly. The station is to be controlled from 
a distant point over an automatic control system function- 
ing over two telephone wires. A master control panel is 
installed at a control point at which operators are always 
in attendance. This control panel is designed to give visual 
indications of operating conditions at the automatic station 
at all times and contains switches that enable the operator 
to start and stop the equipments in the automatic station 
as he desires. 

Referring to Fig.3,G, represents the high- and low-pressure 
shutdown control, G. the recording daily pressure gauge on 
discharge line, G, the indicating suction pressure on incoming 
line, G, the low-pressure shutdown control on incoming 
line, MV the motor-operated valve on incoming line, and V, 
the hand operated gate valve on discharge line. 
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unit and into the header 
line, being prevented from circulating by a check valve in 
the header line between each suction and discharge line from 
each pump. When the second unit is started the oil is picked 
up from the first pump and directed into the header, a second 
check valve again preventing circulation, the one station 
header line serving as both suction and discharge line. 





Clark L. Jenkins Now Handling Supply 
Accounts in Texas 


Clark L. Jenkins, who for several years was service and 
sales representative with the Smith Separator Company in 
the Mid-Continent area, is now representative in Texas for 
the Robinson Packer Company, the Harbison Fischer Com- 
pany, manufacturers of ‘“Tuff-Temper” balls and seats, and 
for the Deckard Manufacturing Company’s line of beam 
hangers. He is making his headquarters at Fort Worth, Texas. 
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[UFKIN 


No. 599 WLPER 


will fit ALL 
furni Oil Gagers Tapes 


This strong 
compact 
wiper is de- 
signed to fit all LUFKIN Oil 
Gagers Tapes. Can be at- 
tached to tapes now in the 

field, or to obtain it on new f 
tapes, order them “With 599 . 
Wiper.” Small pads, on which fq 


the tension is regulated by a 










Compact, Tamper-Proof 
Sturdy, Indestructible 


3 — high pressure on a line 

makes it inadvisable to oper. 
ate with a single regulator between 
line and user, the Fulton Spring 


Type High Pressure Regulator 
serves perfectly. Inlet pressures up 





to 300 pounds are reduced to any 
desired pressure between 10 and 50 
pounds. Heavily and strongly built. 
yet this regulator is easy and e¢o. 
nomical to transport because of its 
compactness. It can be quickly in. 





stalled and is very dependable jn 
use. For exposed and out-of-the-way 
locations it is especially desirable 
because less subject to meddling 





than other types of regulators. De. 
-, outer scriptive leaflet No. 118 is avail. 
able. Catalog of Chaplin-Fulton 
regulators . . . 40 types, for all re. 
quirements of gas control . . . will 





Frlton any tk ws 
Hich-Pressure Regulator 


be mailed on request. 





thumb screw, wipe oil from 2 

line as it is being rewound. 3; 

Send for Circular V 
The Chaplin-Fulton Mfg. Co. 


or Catalog. 
28-40 Penn Ave. Pittsburgh, Pa. 
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FINE GRAINED STEEL 
JONES SUCKER RODS 


For the last five years all Jones Rods have 


THE [UFKIN fpULeE Co. 


SAGINAW, MICH. 























been fully normalized, assuring controlled grain 
size and uniformity from end to end. Jones 
Rods are available in three grades of steel 


and in Jones-Byers Nickel Wrought Iron. 


* 
THE S. M. JONES COMPANY .... TOLEDO, OHIO 


The world’s largest exclusive sucker rod manufacturer” 
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William McKee Is Dead 


William McKee, for many years president of the Chaplin- 
Fulton Manufacturing Company, Pittsburgh, Pennsylvania, 
died on April 26. Mr. McKee was widely known and highly 
respected by members of the industry and announcement of 
his death was received everywhere with sorrow. 





Guy H. Newton Made Works Manager 
Graver Tank & Manufacturing Corp. 


The Graver Tank and Manufacturing Corporation, Chi- 
cago, recently appointed Guy H. Newton works manager. 
Mr. Newton started in the steel fabricating business with 
Reeves Brothers, of Alliance, Ohio, when he was quite a young 
man, and eventually was elevated to the position of operating 
manager. In 1924, Reeves Brothers decided to build and equip 
a fabricating shop in Birmingham, Alabama, and Mr. Newton 
was sent there for that purpose. He displayed unusual ability 
in erecting and equipping the shop and at its completion was 
made vice-president and general manager. 

When the Chicago Bridge and Iron Works purchased the 
Birmingham plant of Reeves Brothers in 1925 Mr. Newton 
was made executive vice-president in charge of operations. 
He has had a wide experience in manufacturing, erection 
and sales and comes to Graver with an excellent record. 





Appointed Pittsburgh Distributor 


Announcement is made of the appointment of the Beck- 
with Machinery Company as Pittsburgh distributors for 
Hypressure Jenny manufactured by the Homestead Valve 
Manufacturing Company, Coraopolis, Pa. 

The Beckwith Machinery Company, distributors for 
“Caterpillar” tractors, Armco products, bulldozers, graders 
and other tractor equipment, will handle the sale of Model 
“D” Hypressure Jenny in 16 counties in the tri-state area 
around Pittsburgh. 





Dallas Southwestern Headquarters for 
Foxboro Company 


The Foxboro Company, Foxboro, Mass., manufacturers of 
recording instruments, will establish Southwestern head- 
quarters in Dallas, Texas, in the very near future, it has 
been announced. G. B. Lane, district manager at Tulsa, 
Oklahoma, will move to Dallas and assume an executive posi- 
tion at the new headquarters. For some time the company 
has maintained a Dallas sales office with C. L. Bryan in 
charge. 


Tudor H. A. Tiedemann New Head Indus- 
trial Relations Counselors, Inc. 


Tudor H. A. Tiedemann, who for the last 15 years has been 
assistant to C. J. Hicks in the industrial relations depart- 
ment of the Standard Oil Company of New Jersey, became 
May 1 executive head of Industrial Relations Counselors, Inc., 
succeeding Arthur H. Young, who resigned last February to 
become vice-president of the United States Steel Corporation 
in charge of industrial relations. 

Industrial Relations Counselors, Inc., was established in 
1926 with the support of John D. Rockefeller, Jr. Its staff 
is devoted to research in the general field of human relations 
in industry, providing as well a consulting service for indus- 
trial corporations and employe groups throughout the coun- 
try. Mr. Hicks, since his retirement from the Standard Oil 
Company of New Jersey last July, has been associated with 
Industrial Relations Counselors, Inc., and will continue as a 
member of the executive committee of that organization. 
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PRODUCTS?) Ai pumping/\ivels 
The KEY 


SLOWER LIFTINGECOSTS 
DESIGNED - - “ES ONOMICALLY PRODUCED 
REASONABLY ~~ PRICED 


B-M-W 
OVERSIZE LOWER 
VALVE 


Eliminates trouble experi- 


CORRECTLY 





enced with standard pat- 
tern leather packed Lower 
Valves. Threads directly 
into lower working barrel 
coupling, forming a fluid- 
tight joint. Does not sand 
up as readily as common 
valve. At all good Supply 
Stores. 
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BRADFORD, PA. TULSA. OKLA. 
EXPORT OFFICE —- 30 CHURCH ST.—-NEW YORK CiTy 








































Look for the Arm-and-Hammer Seal 


ARMSTRONG BROS. 


CHAIN TONGS & 


You can show lower tool cost if 
you standardize on ARMSTRONG 
BROS. CHAIN TONGS, for they 
have no “weakest link.” 

Jaws are drop forged from 
special steel, are hardened, 
tempered and tested for wear- 
ing qualities. Chains are proof.- 
tested to two-thirds catalog 
strength (3,600 to 40,000 Ibs.). 
Handles, shackles, bolts . . 

tested steels, tested designs 
tested. ... Proven strength 
... carefully made and 
that will not fail, that 
that will always 
stand up and 
give long, 
dependable 


service. 





Write for 
Catalog of Im- 
proved Pipe Tools 


Armstrong Bros. Tool Co. 
**The Tool Holder People’’ 

331 N. Francisco Ave. Chicago, U.S.A. 
Mid-Continent Representative: 


EARL WADDELL, Fair Bldg., Fort Worth, Texas 
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The Standard tanker, El Segundo, Now en. 
gaged in an unusual bit of development 
work at Bahrein, in the far Persian Gulf, is 
330 feet long and has a cargo Capacity of 
39,736 barrels of oil. She carried equip. 
ment and materials from California ¢g the 
scene of the Standard Oil Company of 
California's most active foreign Conces. 
sion, where a marine terminal will be in. 
stalled. When the tanker departs from 
Bahrein late this summer she will be laden 
with Bahrein crude. 





Pipe Line and Marine Terminal For 
Bahrein Island” 


RANSPORTING oil-cargoes is a routine business. The 
"ton engaged in this prosaic, port-to-port work have 
little concern with the glamour and romance which often 
attaches to tramp freighters and passenger vessels that drop 
anchor in far, exotic harbors. But now and then romance 
comes aboard an oil-tanker to interrupt the even tenor of its 
ways. For an interesting example of such deviation from a 
prescribed course, consider this Company’s tanker El Segundo, 
at present engaged in as romantic a bit of voyaging as ever 
comes the way of a merchant ship. 

This sturdy steam-tankship, long familiar on the Pacific 
Coast, has become an expeditionary vessel to the far Persian 
Gulf, almost 180 degrees of longitude, or half-way round 
the earth, from San Francisco. 


the July, 1933, issue of the Standard Oil Bulletin, discussed 
the region and told of this Company’s prospecting and drill- 
ing activities there. In April, 1930, a party of geologists from 
the home office landed on the island to survey the lands 
covered by the concession granted by the Sheikh. Following 
careful surveys, a favorable report was made, and drilling 
was started in 1931. About a year later the first well “came 
in,” and since that time production has been brought to the 
commercial stage by the Bahrein Petroleum Company, Ltd., 
a wholly owned subsidiary of the Standard Oil Company of 
California. 

The construction work of the marine loading terminal in- 
cludes laying over three miles of 12-in. submarine pipe line 





The expedition is for the pur- 
pose of constructing a marine 
loading terminal to make 
available for marketing the 
newly discovered oil on Bah- 
rein Island, the largest of a 
group of islands which forms © 
the independent state of Bah- 
rein, governed by Sheikh 
Hamad. A previous article, in 


w 





*From Standard Oil Bulletin, Stand- 
ard Oil Company of California. 





This reproduction of a world-map 
shows the route taken by the 
tanker El Segundo on her voyage 
from California to Bahrein. The 
new oil-field in the Persian Gulf 
is almost half-way ‘round the 





world from San Francisco. 
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An accurate relief map of Bahrein and the smaller islands of the Bahrein group. Shown in white 

are the gathering lines, the draw-bridge, the three tanks, the submarine pipeline—all under con- 

struction now. Shown, also, are the producing wells (solid white), and the drilling wells (circles). 

Near the hill called Jebel Duhkan, 450 feet above sea-level and the highest elevation on Bahrein 

Island, the drillers first found oil. Here is located the camp of the field workers. At the end of 

the three-mile submarine line is indicated the mooring arrangement for tankers, in 50 ft. of 
water. The tiny mounds scattered over the island are tombs, some 10,000 in 


number and said to be of Phcenician origin. 


from the small island of Sitrah out into the harbor, terminat- 
ing in 50 ft. of water; erecting three crude-oil working tanks 
with floating roofs on Sitrah Island, with a capacity of 
250,000 bbl., and a 7500-bbl. tank for ship’s ballast water; 
laying more than ten miles of gathering lines from the pro- 
ducing area to the terminal; providing a pumping plant with 
a capacity of 5700 bbl. of oil an hour, housed in a dust-proof 
building—for “shamals,” the local sand-storms, sometimes 
make life in Bahrein somewhat of a burden; installing four 
sets of radio telephones for communication between ship and 
shore, and a telephone line connecting with the present line 
on Bahrein Island; and building a road to the terminal, in- 
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cluding a fill or a trestle 1200 ft. long 
and a draw-bridge across the channel 
between the two islands. The relief 
map reproduced on this page—an 
excellent representation of Bahrein, 
Sitrah, and the surrounding territory 
—indicates the location of the pro- 
ducing area and the pipe line that 
will transport the crude oil to deep 
water. These loading facilities will be 
able to handle 10,000 bbl. of oil a 
day, with provision for adding booster 
pumps to double that daily capacity if 
greater production is desired. 

This work will require several 
months to complete. When the tanker 
then leaves her anchorage she will be 
laden with Bahrein crude, taken 
aboard by means of these new load- 
ing facilities, the materials for which 
she carried across the Pacific. Refer- 
ence to the world-map shown here- 
with will reveal the relative positions 
of California and Bahrein, and the 
route taken by the El Segundo on her 
outward voyage. Where she will de- 
liver the first oil-cargo to be taken 
from this producing field is yet to be 
determined; she is expected to arrive 
in San Francisco about September Ist. 
After the loading project is com- 
pleted, the Standard Oil Bulletin plans 
to describe and illustrate it fully. At 
present, interest centers in the tanker, 
which sailed from San Pedro Decem- 
ber 30, 1933, and her mission. 

Few merchant ships have ever out- 
fitted as the El Segundo did; her case 
more nearly parallels that of a ship 
equipped for an Arctic expedition, for 
she will be far from sources of sup- 
plies. Fuel for the round-trip, and 
everything necessary for the subsis- 
tence of the 45 men aboard for a 
period of nine months, were taken at 
San Francisco, San Pedro, and Bom- 
bay. In addition, the craft was loaded 
with miles of pipe, sheet-steel for tank 
construction, five 8-ton anchors, six 
marking buoys, three trucks, a trailer, 
two tractors, numerous air-compres- 
sors, electric-welding generators: for 
the work of welding pipe lines and 
the bottoms of tanks, a derrick and 
an unloading platform for landing 
freight from lighters that operate be- 
tween ship and shore, and innumer- 
able other items of equipment, tools 
and materials, the list of which reads like an inventory of a 
combination machine shop and boiler factory. The accom- 
panying illustrations show typical loading scenes while the 
tanker was making ready for departure last December. 

Since tankers have no general cargo holds, openings were 
cut through the steel deck so that heavy equipment and 
supplies could be stored in the cargo-tanks. In connection 
with handling this material, particularly in Bahrein waters, 
cargo-booms were added to the ship’s masts—incongruous 
enough aboard a tanker, whose normal cargo is taken on and 
discharged through hoses. 

The vessel arrived at Bahrein on February 22, and is now 
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anchored in deep water 16,000 ft. offshore. 
Here, more than three miles out, the shal- 
low water ends, and it is across this reach 
of shallow bottom that the loading pipe 
line will go, its hose-fitted discharging 
end marked by a buoy. Radiating from 
this point the five huge anchors will be 
placed, their heavy chains attached to 
marking-buoys. When a tanker arrives for 
loading she will make fast to these anchors 
and be securely held in position. Here the 
El Segundo lies under the torrid sun, the 
floating home of the engineers, structural 
workers, divers and others of the person- 
nel during the construction period. A 
channel 30 miles long is also to be charted 
and marked for the safe entry of tankers 
to the harbor. This work will probably be 
done in conjunction with the British 
Admiralty. 

A skeleton crew remains on watch 
aboard the ship; the balance forms part 
of the construction force. Living quarters 
in a tanker are never very plentiful, but 
provision has been made for all, and the 
personnel is as comfortable as the torrid 





Loading one of the huge steel marking-buoys at 
San Pedro. There are six of these, one for each 
of the five mooring-anchors, and one to indi- 
cate the hose at the end of the submarine 
pipe line. The relief map on another page shows 
how the anchors will be used when a Standard 
tanker arrives for a cargo of Bahrein oil, which 

the new loading terminal will make available. 
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One of the five eight-ton anchors, shackled ; 
the deck of the El Segundo for the voyage . 
Bahrein. These huge “hooks,” placed a} Ae 
vals about the seaward end of the shoot 
pipe line, more than three miles offshore vil 
serve to hold the tankers steady while loadin 
Marking-buoys, attached to the anchor-chaing 
will make the task of mooring both easy and 
quick. 








Poon, 


temperature (in summer, around 120 deg, 
fahr. at mid-day) will permit. Suitable 
facilities have also been provided for the 
entertainment of Sheikh Hamad and his 
officials. 

Some miles from the loading terminal 
are the rich pearl-banks which furnish the 
island’s chief industry. Now the oil js 
flowing, and the problem of getting it 
from the wells to the distant anchorage js 
occupying the working hours of the 
tanker’s crew. Such hours, during the 
summer months — from May to October 
—are usually from 6 a. m. to 1 p. m, 
owing to the terrific heat and the ex. 
treme humidity. So in preparation for this 
hot-spell such necessities as pith-helmets, 
spine-pads, and other clothing designed 
for tropical wear were picked up at Bom. 
bay when the El Segundo put in there for 
water and for some final supplies. 

Because of the fairly regular topography 
of Bahrein Island, in following the course 
of the gathering lines or in traveling from 
well to well it is possible to drive a car 
cross-country to almost any desired point 





T he PETROLEUM ENGINEER 





kled t 














age + except certain sandy areas and the highest elevation, Jebel 
r) is : ‘ . aaa 
+ inter. Duhkan, the “Mountain of Mist.” This rugged hill rises 450 
Marine ft. above sea level from the center of an oval-shaped depres- 
wk. «jon about 12 miles long and four miles wide in the interior © 
in ° ° 
chan of the island. As may be seen on the relief-map accompany- 
sy and ing this article, the 
island is studded 
meee with tomb mounds, 
0 deg probably 10,000 of 
table them, supposed to 
or the be the burial places 
id his of Phoenicians. 
There is an abun- 
minal dance of oil in the 
sh the Western World, but 
oil is q far less abundant CN 
ng it supply for the = FIELD STORAGE and 
tions of the 
ee ees REFINERY EQUIPMENT 
the Eastern ° The engineering department of GRAVER offers you expert service in 
y the tremendous poten- modern economies of design and erection. We are equipped to build and 
‘ sal rket awaits erect field storage, refinery, bulk plant, service station and truck tank equip- 
tober tial ma tage: ment of steel plate construction with necessary fittings, either to your speci 
troleum in- fications or designed to your needs. GRAVER manufacturing and fabrica- 
. m., the a ting facilities are unexcelled, yet production costs are low. GRAVER 
e G4- dustry in that ter- experience and responsibility are long standing. GRAVER field erection 
. this ritory, and _ - \ _isrecognized for its good workmanship. Let GRAVER figure on your work 
ahrein oil wi 
a “ ihe Mail tog GRAVER TANK & MANUFACTURING COKP. 
igned proba y See fee General Sales Office: General O ffices and Factory: 
B let 332 S. Michigan Ave..Chicago East Chicago. Indiana. 
om- outiet. 
for 
‘aphy 
fron Equipment and Rese iS 
rom supplies came , : 
a Car aboard the Nearly 75 Years in Steel Plate Fabrication 
point tanker in such 


varied assort- 
ment that the 
crew had dif- 
ficulty in stow- 
ing it. Here is 
one of the 
massive anchor- 
chains to which 
tankers loading 
at Bahrein will 
be moored. 
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A frequent source of “grief in top tower temperature con- 
trol has been the bursting of instrument thermal elements 
when tower temperatures climb beyond instrument ranges. 
After the return of a few ruptured thermal systems for 
refilling, Mason-Neilan engineers conducted several months 
of experimenting and field tests which resulted in the devel- 
opment of the Over-Heat Protector . . . a safety feature that 
definitely protects the thermal element from injury if tem- 
peratures exceed the instrument range. This new protector 
ean be furnished with any Mason-Neilan temperature instru- 
ment and eliminates the necessity of withdrawing bulbs as a 
precaution against overrange temperatures caused by the 
stopping of a reflux pump or a shutdown of the plant. 
This advancement and all other 
Mason-Neilan Regulators and In- 
struments have been developed in 
and for the Oil Industry by engi- 
neers who know its requirements. 
Safeguard your plant and product 


of 


pressures, temperature, 


with exact control 
and rates-of-flow. Specify 


Mason-Neilan Control 





Equipment. 


WE DO OvR PaRT 


MASON=NEILAN 
REGULATOR COMPANY 


Consolidation of Mason Regulator Co. of Boston and 
Neilan Co., Ltd., of Los Angeles 


1190 Adams Street, Boston, Mass. 





BALTIMORE, Whitaker Building 
CHICAGO, 435 North Michigan Avenue 
HOUSTON, 1400 Conti Street 

LOS ANGELES, 2446 Enterprise St. ‘ 
MONTREAL, Canada, 620 Catheart St. W. 
NEW YORK, 19 Rector Street 8 
PHILADELPHIA, 930 North Front Street 
PITTSBURGH, Clark Building 

ST. LOUIS, 2726 Locust Boulevard . 
SYRACUSE, N. Y., 640 Gurney Building 
TULSA, 409 East Archer Street ° 


Morton Me I. Dukehart & Co. 
Gordon Thomason, Manager 
Maintenance Engineering Corp. 
Tunnell & Co. 

Maurice Peiler, Manager 
Rudolps B. Werey, Manager 
Baeuerle & Morris, Inc. 
Bruce Irwin, Manager 

O’Brien Equipment Company 
O’Brien Steam Specialty Company 
Moorelane Company 


PRODUCTS 


You 


CAN BE SURE OF MASON-NEILAN 
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American Cable Co. 

American Hammered Piston Ring Co. 

Amirican Lubricator Co. 70 

American Meter Co. 103 

American Sheet & Tin Plate Co. 6 

American Steel & Wire Co. 21 

Armstrong Bros. Tool Co. 20 

Axelson Manufacturing Co., Ltd. 116 and 4 
B 

Baker Oil Tools, Inc. 

Baroid Sales Co. 74 

Biltmore Hotel 52 

Bradford Motor Works 17 

Bridgeport Machine Company, The ily 

Croderitck & Bascom Rope Co. 8 
c 4 

Chaplin-Fulton Mfg. Co., The 1 

Chzpman Valve Manufacturing Co., The 14 

Clark Lros. Co. e 

Continental Supply Co., The @ 

Cooper-Bessemer Corporation, The 37 

Crane Co. a 
D 

Dearborn Chemical Co. 98 

Dresser, S. R., Mfg. Co. 90 
E 

Eagle-Picher Lead Company, The 3 

Ethyl Gasoline Corporation . 
F 

Fairbanks, Morse & Co. 68 

Frick Reid Supply Corp. 57 
G 

Gaso Pump & Burner Mfg. Co. 53 


General Electric Co. 3 
Gott, H. P., Mfg. Co. Ti 
Graver Tank & Mfg. Co. 123 
Guiberson Corporation 81 
H 


Halliburton Oil Well Cementing Co. Front Cover 


Hazard Wire Rope Co. 47 

Hercules Tool Co. 99 

Hughes Tool Co. Back Cover 

Hydrauger Corp., Ltd. 117 
I 

International Derrick & Equipment Co. 118 

International Harvester Company of America 54 


Jones & Laughlin Steel Corporation Inside Back Cover 
114 


Jones, S. M., Co., The 
K 

Kobe, Inc. 101 
L 

Landis Machine Co., Inc. 

Leschen, A., & Sons, Rope Co. ry 

Linde Air Products Co. 15 

Lufkin Foundry & Machine Company 45 

Lufkin Rule Co. 114 
Mc 

McIntosh & Seymour Corp. 78 
M 

Magnolia Petroleum Co. 118 


Martin-Decker Development Co., Ltd. 41 


Mason-Neilan Regulator Co. 124 
Mepham, Geo. S., & Co. 22 
Metric Metal Works 6 
nnn. IN OI oso sinencanncosanngraskdssansabensasonsnniaciassmevnaiiicineeianeneetll 
Moore, Lee C., & Co. 
N 
National Bank of Tulsa 9% 
National Supply Companies, The 86 
National Tube Co. ‘ 18 
National Tube Co. (Stainless) 
Norma Hoffman Bearings Corp. 92 
Oo 
Oil Well Supply Co. . 19 
Oklahoma Gas & Electric Co. 84 
Oxweld Acetylene Company 15 
P 
Petroleum Rectifying Co. 16 
Pittsburgh Equitable Meter Co. 
Prest-O-Lite Company, Inc., The 15 
R 
Reed Roller Bit Company 
Republic Steel Corporation 49-50 
S 
South Chester Tube Co. __ ° 
Southwestern Gas & Electric Co. ; 
Sperry-Sun Well Surveying Co. 123 
: ; 
Tretolite Company Inside Front os 
Trimont Mfg. Co. 
U 
Union Carbide & Carbon Corp. . 
Union Carbide Sales Company “38.30 
United States Rubber Co. al 
Union Wire Rope Corp. 
aad 58 
Wickwire Spencer Steel Company 
Y 
67 


Youngstown Sheet & Tube Co. 


T he PETROLEUM ENGINEER 





Practically Automatic; Contin: 
uous In Operation; Requires 
Nitaltanlliie Kelelolmeavicculerelae: 


‘Insurance Building., Los Angeles. Branch: Hi 
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